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This project partnership was based on a collaborative ‘model farm’ concept developed in 
collaboration between the report authors, the Beira Agricultural Growth Corridor (BAGC) 
Catalytic Fund Manager in Mozambique
a, and locally engaged extractive industries as 
long-term  and  committed  ‘patient  procurement  partners’  (PPP).  This  will  create  a 
fundamentally  different  kind  of  ‘PPP’  (private-public  partnership),  where  there  is  a 
sustained corporate social responsibility element for the life of a mining development that 
facilitates mutually beneficial agricultural production to meet procurement standards, and 
to create confidence in the supply chain to enable local production to also participate in 
other market opportunities. 
 
The  fundamental  project  aim  is  to  support/facilitate  existing  subsistence  farmers  to 
become able to commercially sell surplus quality products into the growing mining supply 
chain. This will enable a relatively secure market to indirectly incentivise and support the 
longer-term development of an emerging local commercial farming industry. The lessons 
learned are practical and easy to understand for farmers, and also parallel publication 
and  multi-media  components  of  how  corporate  and  policy  willingness  to  effectively 
develop and expand the ‘patient procurement partner’ PPP model. 
 
The projects focus on developing an on-ground capacity through appropriate technology 
demonstration and extension of selected local agricultural products that are in demand 
from  the  local  mining  operation  procurer.  We  have  concentrated  on  high  value, 
perishable products that would under normal supply chain analysis be cost-effective to 
produce.  The  project  has  focussed  on  the  transformative  nature  of  additional  clean 
energy inputs in support of mechanisation  and  modernisation  of production and post-
harvest handling, with particular attention being given to photovoltaics (PV) and small-
scale oil-based biofuel production components within the context of local capacity in the 
Beira Corridor. 
 
 
4.  Report Introduction 
 
Small-scale  farmer  production,  capacity  building,  extension  services,  and  marketing 
activities  remain  fragmented,  and  their  integration  under-emphasised  in  current 
development activities 
1,2. In many regions of Africa, producers are commonly using inferior 
and/or outdated technology and knowledge, including unimproved varieties, cultivars, and 
stock 
2,3. Infrastructure, education, and agricultural extension investments have long lead 
time horizons, and a farmers’ ability to adopt new technologies and farm inputs over time 
requires greater supply chain stability (both input price and farm gate price) 
4. A strong 
market  demand  is  also  needed  to  underpin  increased  agricultural  sector  investment 
towards commercial production 
5, and more consideration should be given to long-term 
policies attracting the private sector to provide agricultural inputs and services over at least 
a  20  year  period 
6,7.  This  renewed  focus  on  infrastructure,  markets,  supporting 
mechanisms, and a ‘critical mass’ of agricultural industry development with ‘development 
corridors’  is  a  promising  advance 
5,8.  Yet  finding  a  robust  mechanism  to  generate  a 
sustained  investment  and  support  alongside  African  Governments,  and  African-involved 
non-African governments and aid institutions is a fundamental weakness. The mixed results 
of  past  approaches  to  support  agricultural  development  now  requires  a  more  detailed 
understanding of locally appropriate options for public and private collaborations to sustain 
adoption and wider development objectives 
6. 
                                                 
a The BAGC initiative is a partnership between the Government of Mozambique, private investors, farmer 
organisations,  and  international  agencies.  It  was  launched  in  2010  and  aims  to  promote  increased 
investment in commercial agriculture and agribusiness within the Beira Corridor (provinces of Tete, Sofala, 
and Manica). The project involves the Manager of the BAGC Partnership, Mozambique, as a project partner.  
  
Subsistence farmers are traditionally resource poor in terms of land, capital, and access to 
new technologies and a distinction must be made between emergency relief and creating 
an environment to enable participation in productive and profitable agricultural commerce 
7. 
Most small farms in Africa are becoming increasingly unviable 
4, with the average cropped 
area in Mozambique being only 1.5 ha per household, and a commensurate low level of 
farmers’  association  memberships 
3.  At  unimproved  levels  of  production,  small-scale 
operations are unable to meet quality, reliability, and consistency standards even when 
market access exists 
9. Furthermore, postharvest technologies are fundamental to reducing 
losses and meeting standards of safety, and up to 50% of bumper crops may be lost due to 
lack of postharvest handling technology adoption 
7. As such, post-harvest waste reduction 
is  another  major  opportunity,  yet  this  requires  collective  approaches  to  suitable  local 
storage  and  transport  opportunities  requiring  investment  in  and  transfer  of  existing 
technology 
7,10. 
 
A producers’ capacity to purchase modern inputs is co-dependent on a households’ land 
holdings,  human  capital,  and  labour  availability 
11.  As  such  it  is  less  common  for  poor 
farmers to purchase agricultural inputs to improve overall productivity, and production drops 
to basic domestic subsistence levels rather than rise to commercial production levels and 
sales 
3. As a consequence, the volume of production is well below the threshold to justify 
modern technology (for example, transport), and with a limited availability of appropriate 
inputs (such as fertilisers), out-dated production methods remain in use 
6,12. The associated 
yield and income gap between subsistence farming and commercial agricultural production 
exists primarily due to the relatively high capital and operating costs of modern inputs and 
their  associated  complexity  of  use,  and  lower  returns  from  increased  production  of 
commercially  low-value  crops 
10.  Compounding  the  spiral  into  poverty  is  the  misplaced 
emphasis  on  putting  agriculture  as  a  stand-alone  industry  on  the  African  development 
agenda,  instead  of  within  the  context  of  other  major  sectors,  flows  of  labour,  capital 
investment,  and  product  transfer  between  urban  and  rural  areas 
5.  Agriculture-specific 
input, credit, market support mechanisms, and subsidy programmes are often very costly 
and  are  unsustained 
6.  Therefore,  it  is  necessary  to  gather  a  wider  scope  of  rural 
development-related  information,  involving  local  appraisals,  and  undertake  detailed 
analyses  outside  of  traditional  agricultural  supply  chains  to  avoid  implementing 
inappropriate strategies and systems 
13. The introduction of new farming technology and 
knowledge  without  a  thorough  understanding  of  the  social  and  economic  context  is 
problematic, and a greater level of stakeholder engagement is required at many levels 
5. As 
an example, while agriculture accounts for 70% of African countries’ total employment, with 
65% of whom are women 
7, women often remain excluded from consultation and decision-
making. Widening the level of stakeholder engagement may involve active processes of 
providing  new  information,  consultation,  direct  involvement,  collaborations,  and 
empowerment, and depend on the specific areas of risks and opportunities involved 
14. 
 
Shallow  understanding  of  how  to  support  locally  appropriate  agricultural  development 
activities commonly introduces false dichotomies between public and private interests. For 
example, elements of the ‘bioenergy vs food security’ debate have been presented as in 
direct competition for inputs and land, rather than from a co-dependent rural development 
perspective 
2. Modern biofuel facilities generally take place near good infrastructure, service 
centres,  areas  with  processing  and  storage  facilities,  and  a  skilled  labour  force 
15.  In 
general,  the  present  poor  transport  infrastructure  in  many  regional  areas  limit  both  the 
potentially positive and negative  impacts of bioenergy  developments on food insecurity, 
poverty,  and  lands.  These  elements  are  highly  variable  at  the  local  level,  and  further 
challenges  include  suitable  crop  species/cultivar  availability,  existing  land  use,  current 
technologies employed, and supply chain specificity for the agricultural system 
2.  
 5.  Project Method Summary 
 
The ‘action research methodology’ has underpinned this project, and is used to assess 
the opportunity to explore instances where capacity building and ‘learning by doing’, has 
been undertaken by commercial entities, in a similar vein to the ‘Technical and Vocational 
Education and Training (TVET) approach. In ‘Action Learning’, the people are involved in 
helping  each  other  learn,  while  in  ‘Action  Research’  the  whole  team  is  conducting 
scientific  research.  In  Action  Learning,  the  focus  is  on  the  individual  learning  and 
experiences  based  on  adult  learning  principles.  Conversely,  in  Action  Research,  the 
focus is on developing new knowledge from collective research, which is validated by 
publication  and  peer  review.  This  project  is  combining  the  two  methods  to  assist the 
development of the capacity of cluster groups, to document, and analyse activities for 
new knowledge for wider application. 
 
The core methodology involves a multistakeholder process for analysing the value chain 
to supply the mining companies and other institutional food markets over time 
16. The 
multistakeholder process contributes to developing understanding of changes that are 
required  to  improve  the  context  for  smallholder  farmers  to  supply  mining  and  other 
institutional markets. The current study also examined current supplier constraints that 
are  preventing  small  holder  productivity  improvement  to  take  advantage  of  new  and 
expanded markets. 
 
In  addition  to  desktop  research,  project  participants  have  consulted  with  local  farmer 
groups and major stakeholders to determine local technical preferences, skilled service-
person availability, component cost and serviceability, including agro-ecological system 
or  social  synergies  for  potential  system  integration.  The  proposal  scope  includes  a 
discussion of the potential for biofuel precursor species production and biofuel production 
with  the  potential  to  improve  rural  productivity  using  socially,  technically,  and 
agriculturally  appropriate  options.  At  its  most  basic,  the  method  aims  to  elucidate 
practical,  cost-effective  approaches  for  local  production  within  the  context  of  existing 
farming practices and the institutional capacity available at the local level, to sustain a 
commercial production system over time. 
 
Additionally the analysis has led to the advocacy of a ‘model farm’ concept and a related 
seed fund to encourage development of locally developed innovations in agriculture tied 
to opportunities with new market opportunities. It is anticipated that this will be supported 
by the BAGC, identified extractive industry partners, several intermediary institutions and 
the  agricultural  education  sector.  The  research  activity  summary  (not  necessarily  in 
chronological order) includes the following activities: mapping the value chains; mapping 
key policies and institutions; establishing the key drivers, trends and issues; exploring 
scenarios  and  their  implications;  and  identifying  and  selecting  smallholder  producers; 
supporting  infrastructure  upgrades  (including  biofuel  production,  mechanisation,  crop 
establishment, and post-harvest handling). 
 
 
6.  Summary of Activities   
 
The project partners have scoped the potential for appropriate modern inputs, energy, 
machinery, implements, nitrogenous-fixing plants, and fertilisers to improve productivity of 
small-scale  farm  production  and  to  meet  quality  standards,  and  to  identify  target 
agricultural products most suitable for the ‘PPP’ approach in the Beira Corridor. 
 
Through telephone interviews, in-person consultation and site visits in Maputo, Chimoio, 
Tete, and surrounding villages the project partners have been able to both challenge and 
validate the various assumptions and hypotheses underpinning the proposed research 
program. As a result the following detailed research assessments have been refined and 
are underway:  
·  Horticultural production (emphasis on highly perishable, high value products); 
·  Animal husbandry (supply chain for broiler chicken production including support for 
feed supply and slaughterhouse to supply guaranteed offtake by Vale for relocated 
village residents); 
·  Vegetable  oil  production  to  respond  to  country-wide  shortage  and  potential 
substitution at a later time for biofuel production once excess capacity is reached. 
·  Crop processing and surplus utilisation (hybrid thermal/PV chilli drying) 
·  Protective cropping such as solar PV assisted cooled mushroom houses (for mining 
supply  chain  and  export)  and  hot  houses  (building-integrated  photovoltaic  (BIPV) 
designs for plant production (i.e. tomatoes, capsicum, cucumbers) 
 
Meetings with Emerson Zhou, the Manager of the BAGC, revealed the primary objectives 
of their activities are to promote the development of agriculture and agribusiness, within 
the context of some fundamental constraints, including lack of transport and irrigation 
infrastructure, low penetration of electricity services on farms, and in particular the ‘last 
mile  infrastructure’,  both  ‘soft  and  hard’.  The  agricultural  commercial,  financial  and 
support  services/knowledge  was  generally  low,  including  inputs  (mechanical  and 
chemical), basic agronomy, and crop cultivar specifically selected and available for the 
region. Furthermore, the lack of commercial investment finance was also a major barrier 
(rural individuals often face loan interest rates above 25% p.a.). Through the extensive 
networks of the BAGC, several meetings and discussions lead to the following research 
topics and collaborating companies/entities.  
Most significantly, the team has validated through direct observation and interviews that 
the presence of extractive industry activity in Mozambique is already leading to changes 
in agricultural practice and supply chains, and that in two specific instances, and two very 
different modalities, local small holder farmers are beginning to take advantage of the 
new market opportunities afforded by the presence of mining operations. 
In addition to scoping the straight vegetable oil diesel replacements, the construction and 
basic  testing  of  the  solar  thermal/PV  chilli  drier,  and  the  cooled  charcoal  mushroom 
house components to improve productivity, food security, and post-harvest storage, the 
project  also  directly  provided  funding  for  greater  exploration  of  new  agricultural 
technology development through the BAGC
b. These funds will be used as a competitive 
seed fund for development of innovative and small-scale appropriate mechanisation and 
demonstration projects. 
 
Project Research Topics 
The 3 topics papers in this report were developed to provide a basis for refinement of the 
relatively new collaborative developments emerging from this project. The authors have 
chosen a mix between report style documentation, and peer-reviewed article to present 
the project activities and findings in this report.  
 
Report  Topic  1:  Lessons  from  mining  companies  relocating  subsistence  farmers: 
balancing commercial and subsistence supply chains in Mozambique. 
 
Report Topic 2: From subsistence farmers to commercial exporter: fresh and dried chilli 
supply  chain  productivity  gains  from  semi-transparent  solar  thermal/PV  driers;  and  the 
potential  for  protected  cropping  using  integrated  solar  PV-powered  greenhouses  and 
cooling of charcoal walled mushroom houses in Mozambique. 
 
                                                 
b Additionally the BAGC is in discussion with the Instituto Superior Politecnica de Manica (ISPM) in Chimoio 
with regard to locating a model/demonstration farm on the grounds of the newly renovated college. Report  Topic  3:  Co-production  of  high-protein  feed  and  bio-oil  for  poultry  protein 
productivity  and  fuel  switching  in  Mozambique:  avoiding  transesterification  and  food 
insecurity. 
 
 
7.  Major Report Findings Summary:  
 
The BAGC and project partners have developed a collaborative PPP concept as a means 
to  engage  extractive  industries  as  long-term  and  committed  ‘patient  procurement 
partners’ (PPPs) with commercial food company intermediaries and social venture capital 
partner organisations investing in mid-scale agricultural enterprises and supporting local 
smallholders on a long-term commercial basis with inputs and off-take agreements. 
 
The role of the mining company and their food procurement contractors 
 
In this model, the mining company is the anchor customer providing the demand that 
underpins the commercial ability for smallholders to move from a subsistence system to a 
commercial system on their own land in a relatively rapid timeframe. This form of ‘patient 
procurement partner’ PPP aims to meld extractive industry corporate social responsibility 
elements  with  traditional  local  procurement  from  smallholders.  It  is  achieved  through 
partnership with commercial social venture capital partner organisations (SVCPOs) and 
food supplier interventions, and can occur at no additional cost to the mining company or 
their food procurement contractors. Mine food procurement contractors are given suitable 
key  performance  indicators  (KPIs)  and  facilitated  direction  to  ensure  that  local 
smallholder producers will capture a growing proportion of the mine agricultural produce 
demand through the intermediate commercial food companies, with catalytic investment 
from SVCPOs. 
 
The role of the intermediate food companies 
 
The intermediate commercial food companies both create confidence in the supply chain 
to enable local mining procurers and subsistence producers to participate in the growing 
need  for  quality  and  safe  food  in  the  region  that  meet  international  standards.  The 
intermediate food companies provide infrastructure, inputs, knowledge, technology, and 
support, all on a commercial contractual basis via seasonal off-take agreements with the 
smallholders.  This  allows  commercial  food  companies  to  expand  operations  in  Africa 
while  avoiding  the  numerous  limitations  of  owning/leasing  and  self-operating  farming 
lands, and moves the companies towards a model where they train and support local 
smallholders to meet their supply contracts. An active and intensive smallholder capacity 
building  and  training  program  is  required  to  become  a  major  new  element  of  their 
business, ensuring that local smallholder producers have the ability to supply commercial 
quality  foods  suitable  for  the  mine  and  international  exports.  The  end  result  is  that 
intermediate  commercial  food  companies  will  invest  in  developing  local  PPP  ‘model 
farms’  on  smallholder  plots  that  provide  the  companies  with  a  balance  between 
production flexibility and risk, and enable cost-effective rapid expansion and contraction 
of production to meet commercial supply contracts in a dynamic global food market. 
 
The role of social venture capital partner organisations (SVCPO) 
 
There is generally a need to broker corporate, smallholder, and public partnerships, such 
as large buyers with small to medium enterprises (SMEs) and institutions in areas with an 
undeveloped  commercial  service  sector.  Social  venture  capital  partner  organisations 
(SVCPOs) look for strategic investments in the value chain with the aim of joining the 
commercial  links  and  minimising  coordination  failures  when  they  occur.  There  is 
sometimes a requirement to modify existing supply chains, to take account of how local 
producers can meet demand on a commercial basis. Fundamental to these activities are 
a detailed understanding of the incentives and preferences for each player in the supply chain, and also barriers such as public goods, infrastructure, agronomic knowledge, and 
post-harvest infrastructure. The active participation in a commercial supply chain is the 
distinction  between  social  venture  capital  partner  organisations,  and  standard  social 
venture capital loan facilities offered by various charity or philanthropic organisations.  
 
A social venture capital partner organisation may be privately and publically funded, but 
is  managed  as  a  private  business.  By  actively  investigating  local  opportunities  with 
selected entrepreneurial smallholder farmers and jointly co-financing the opportunity with 
a  small  loan  with  clear  funding  criteria,  sound  management  and  due  diligence 
assessments, social venture capital partner organisations can ensure the focus remains 
on  smallholder  farmer  entrepreneurs  exiting  the  loan  facility  by  making  profits.  Funds 
must be recirculated and maintained by ensuring a real (after inflation) return on equity 
that is fair – approximately 5 to 10%. Social venture capital partner organisations will exit 
from funding specific projects, but they remain engaged in the market to enable business 
incubation with some commercial support to enable a business to become bankable to 
attract commercial forms of finance. The objective is to catalyse the local commercial 
agricultural  sector  to  accelerate  productivity  and  development  that  assists  the  local 
community. There is a higher chance of smallholder producers and related supply chain 
SMEs  achieving  sustained  commercial  success  when  a  partner  management  team 
follows  a  rigorously  selection  process  with  suitable  conditions  for  loan  contracts  and 
commercial  due  diligence  procedures  using  experienced  private  equity  and  banking 
professionals and commercial farming advisors. 
 
The role of the smallholders 
 
Smallholders  and  SMEs  engagement  with  the  food  producing  company  in  the  Beira 
corridor is mediated and facilitated through the BAGC. During the season, no cash outlay 
by  the smallholder  is  needed,  only  a  willingness  to  receive  personalised  training  and 
skills, implement recommended inputs and activities based on the crop requirements and 
performance, and to provide the land and labour. Rather than being a passive recipient of 
agricultural RD&E, in the PPP ‘model farm’ they become an active participant in training, 
generating new knowledge, analysing results, and implementing measures to ensure a 
good  yield  and  produce  quality  as  it  is  in  their  best  interest.  They  have  access  to 
business  and  agronomic  professionals,  agricultural  inputs,  transport  and  other  post-
harvest technologies provided by intermediate food companies from the transparent off-
take agreement, improving the probability of smallholders achieving maximum yields and 
receiving a net profit after input costs are subtracted. The intermediate food company can 
procure  these  inputs  and  expertise  at  scale,  reducing  unit  costs  in  the  area  for  the 
smallholder. Outside of the off-take agreements and income received from participating, 
smallholders  are  free  to  use  the  produced  surplus,  and  their  land  for  their  own 
preferences. They are also free to not sign an off-take agreement at any subsequent 
time, and remain in control of their lands. A smallholders’ primary risk is not being able to 
supply  sufficient  produce  that  meet  the  quality  and  quantity  required  by  the  off-take 
agreement. However, as it is in the interests of the food company and the social venture 
capital  partner  organisation  to  ensure  that  their  own  supply  contracts  and  customers 
receive their produce, they have a vested commercial interest in ensuring smallholders 
produce  the  required  quality  and  quantity.  By  maintaining  good  relationships  and 
commercial interest from smallholders in a region, the food companies can expand their 
operations,  and  decrease  the  level  of  intensity  of  training  for  more  experienced 
smallholders over time as they become more self-sufficient and commercially viable.  
 
Comparative differences 
 
This new PPP ‘model farm’ concept, can be described as equivalent to a conventional 
demonstration  farm  operating  multiple  technologies  and  systems  used  worldwide. 
However,  the  fundamental  difference  is  this  ‘model  farm’  is  operated  by  a  private 
smallholder on a commercial basis through off-take agreements and/or social venture capital partner funding, without direct government subsidies/funds, and generally without 
traditional ‘Agricultural Department’ support. The commercial supply chain thus provides 
the funding and capacity to increase smallholder productivity that is often unavailable to 
governments and  aid agencies directly. In this model, smallholders can achieve ‘best 
practice’ production to supply international and new local food markets, and demonstrate 
new  production  systems  that  can  be  implemented  locally,  underpinning  external 
increases in agricultural productivity. This occurs on a commercial basis, catalysed by 
mining  companies  demand  for  food
c  at  no  net  cost  to  them,  and  with  associated 
corporate social responsibility and political benefits. 
 
The fundamental project aim is to support/facilitate existing subsistence farmers establish 
commercially viable production systems that can sell surplus quality products into the 
growing mining supply chain, and then move to export markets. Supported by the BAGC, 
the identification of suitable extractive industry partners, intermediate commercial food 
companies,  suitable  social  venture  capital  partner  organisations,  and  others,  is  an 
ongoing process. The identification of suitable produce and supply chain inputs is also a 
fundamental activity. These activities include: partner communication and trust; mapping 
the  value  chains;  mapping  key  policies  and  institutions;  establishing  the  key  drivers, 
trends  and  issues;  exploring  scenarios  and  their  implications;  and  identifying  and 
selecting  smallholder  producers;  collating  and  disseminating  agronomic  and  crop 
research  and  information,  supporting  local  input  and  infrastructure  customisation 
(including fuel  supply,  mechanisation,  agronomy,  crop  establishment  and  post-harvest 
handling). 
 
In summary, the project partners believe that the PPP ‘model farm’ in sub-Saharan Africa 
is necessarily dependent on selecting local subsistence smallholder producers and SMEs 
with  a  willingness  and  ability  to  undergo  the  training  and  support,  including  receiving 
modern technology and agricultural inputs, to achieve regularly high quality yields that 
meet  international  market  requirements.  It  is  also  dependent  on  a  commercial  food 
company’s  willingness  to  use  this  expansion  model, and  also  high-level  support from 
mining  company  management  to  establish  the  PPP  model  and  to  amend  food 
procurement  contracts.  It  is  also  dependent  on  social  venture  capital  partner 
organisations  providing  the  needed  cross-supply  chain  knowledge,  and  due  diligence 
with  experienced  private  equity  and  banking  professionals  and  commercial  farming 
advisors.  
 
 
8.  Project Partner General Insight  
The project partners were able distil three non-exclusive crucial elements that we believe 
will  remain  fundamental  to  how  the region  develops  in  the  coming  decades,  and  the 
effect of introducing new commercial models.  
 
1) Relocations  
 
Mining  company  relocation  of  existing  communities  has  been  a  consistent  negatively 
viewed historical issue in Mozambique, and the topic requires critical analysis, research 
and on-going reform. Effectively all relocations are of rural Mozambicans who are first 
and foremost smallholder farmers. (Even if they have paid employment, typically their 
food requirements are still met from their own farming activities). Therefore, it is vital to 
consider the agro-ecological potential of the new lands to which they are relocated, in 
                                                 
c It has been observed by major agribusiness entities in Mozambique that the mining companies in and of 
themselves are not sufficient to support a market rather their role is as a “reliable long term anchor tenant” 
from which other markets can be added. In this model they are also “patient” and because of their CSR 
commitments  to  the  community  and  because  of  state  negotiated  agreements  regarding  %  of  local 
procurement will “stay the course” during inevitable teething problems. addition to access to infrastructure, and proximity to urban markets. Greater transparency 
and  development  of  location  appropriate  compensation  models  need  also  to  be 
addressed. 
 
2) Agricultural productivity approaches 
 
At present the primary limitation to the use of improved technology, varieties, and inputs, 
and  replacing  manual  human  labour  with  machinery  is  the  unaffordable  cost  to 
subsistence farmers. When planning associated  interventions, programs, and  policies, 
the entire supply chain and associated entities needs to be the focus. There are generally 
clear and logical reasons why ‘appropriate’ technologies used in many other regions are 
not in use within the current agricultural systems in Mozambique. Modern commercial 
agricultural systems and technologies are co-dependent. For example, new high yielding 
farming systems generally require greater land preparation, more water, large fertiliser 
and  chemical  applications,  are  less  resistant  to  sub-optimal  growing  conditions,  and 
require  a  higher  level  of  agronomic  expertise  to  ensure  high  quality  production  at  a 
consistent level to attract a premium price. If the yield is good, then additional processing, 
storage, and transport infrastructure and services are needed, and suitable customers 
and  supply  contracts  are  necessary.  In  simple  terms,  without  commercial  agricultural 
systems, it is unlikely that commercial agricultural production will occur to any meaningful 
extent  in  the  foreseeable  future,  and  people  will  continue  to  depend  on  subsistence 
strategies. The question is how to attract commercial entities to invest in the region, and 
how  local  smallholders  can  take  part  in  the  development  benefits,  rather  than  be 
excluded. 
 
 
3) Smallholder farmers benefitting from mining industry 
 
As opposed to the present level of ad-hoc small-scale food procurement from existing 
local farmers markets in Mozambique, there needs to be a concerted effort to explore 
commercially advantageous opportunities where mining companies, food companies, and 
social  venture  capital  partner  organisations  can  secure  the  quantity  and  quality  of 
produce  from  local  producers  that  enhances  their  own  long-term  profitability.  The 
presence of two of the world’s largest mining  entities (Rio Tinto and Vale) suggest a 
unique  opportunity  to  upskill  and  upscale  the  prevailing  agricultural  systems  to  take 
advantage  of  the  presence  and  commitment  of  these  globally  significant  players. 
Additionally,  the  long-term  projections  of  the  economic  impact  locally,  regionally  and 
nationally  suggest  that  the  current  7+%  GDP  growth  will  continue  and  underpin  new 
opportunities for supplying new markets
d. The current level  of commercial agricultural 
production and capacity is low in Mozambique, and clearly major investment is needed. 
However, activities that are not underpinned commercially are unlikely to be sustained, 
as long-term government policy support is economically difficult to secure, maintain, and 
justify.  As  history  shows,  after  any  research  and  develop  program,  support  policy, 
subsidy, or government/NGO funded project ceases, smallholder farmers in the region 
are likely to revert to being justifiably price sensitive and risk averse, and any productivity 
gains are quickly lost. What this project seeks to explore is the role of how a commercial 
partnership model of guaranteed off-take supported by keystone investors, and enabling 
organisations can provide the considerable investment needed in agricultural extension 
and capacity, goods and service infrastructure on a sustained commercial basis.  
 
 
                                                 
d It was reported in one interview but not subsequently verified that 17 new supermarkets of a major South 
African chain are scheduled to open in Mozambique in the next couple of years. 
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[The 3 research topics are presented as appendices, please scroll down] 10. Research  Topic  1:  Lessons  from  mining  companies  relocating  subsistence  farmers: 
balancing commercial and subsistence supply chains in Mozambique. 
   
Abstract 
The  research  objectives  were  to  provide  a  first-hand  review  on  the  impact  of  Tete’s 
extractives inhabitant relocation programmes, and interviews of the local smallholder farmer 
that  currently  grow  some  produce  supplied  to  the  mine  by  intermediate  buyers.  Semi-
structured interviews with the Tete Provincial Farmers Union, and the Vale representatives in 
Tete are presented, which describe some of the background of the development of the village 
of Catame in response to the issues of preceding years. Within this context, we forward the 
notion  of  linking  of  the  supply  chains  between  the  relocated  farmers,  other  farmers  and 
capacity building as a means to foster PPPs to supply the wider local and export markets. 
This is enabled through the introduction of social venture capital partner organisations, and in 
this  context  the  newly  established  non-profit  philanthropic  company  ‘AgDevCo’  which 
manages  the  BAGC  Catalytic  Fund  (~23  million  USD)  for  social  venture  capital  for 
agribusinesses, with a focus on private-public partnerships (PPPs) in the Beira corridor. 
 
 
Introduction 
This sector-based, geographically-specific project seeks to pull together mining and agricultural 
interests  by  catalysing  local  farmers  to  produce  to  the  quantities  and  qualities  required  by 
mining procurement programmes to become the local long-term supplier of cost-competitive 
and  reliable  agricultural  produce  to  mines  through  a  ‘patient  procurement  partnership’  -  by 
progressively  enabling  and  building  the  capacity  of  farmers  through  the  spirit  of  mining 
corporate social responsibilities. This partnering develops an effective level of stability for the 
local farmers while developing their activities to a stage where they can become commercial 
suppliers, either by themselves, or within a cooperative. The approach seeks to align national 
and  private  resources  to  gain  efficiencies  in  strategic  African  involvement  in  targeted 
‘development corridors’. A renewed focus on infrastructure, markets, supporting mechanisms, 
and  a  ‘critical  mass’  of  agricultural  industry  development  with  ‘development  corridors’  is  a 
promising advance 
1. Yet finding a robust mechanism to generate sustained investment and 
support alongside African Governments, and African-involved non-African governments and aid 
institutions is a fundamental weakness, and which can be ameliorated by the introduction of 
commercial business and enterprise activity. The mixed results of past approaches to support 
agricultural development suggests a more detailed understanding of locally appropriate options 
for public and private collaborations to sustain adoption and wider development objectives 
2. 
The objectives of this research were to ascertain first-hand perspectives of Tete’s smallholder 
farmers and extractive company representatives, and explore how agricultural supply chains 
is a fundamental focus regarding inhabitant relocations and the development of the wider 
agricultural potential. 
 
Method 
The core methodology involves the combination of a multistakeholder process for analysing 
the value chain to supply the mining companies and other institutional food markets over time 
3, and a clustering approach for facilitating the establishment of relocated smallholders to 
supply these markets 
4. Two key factors are important to the success of cluster groups: (1) a 
comparative advantage over alternative marketing structures; and (2) trust in fellow cluster 
members and the cluster’s management 
5. The process is participatory and transparent and 
considerable  effort  is  devoted  to  activities  that  involve  cluster  members,  market  chain 
investigations, development of the production plans, and keeping records on deliveries and 
payments. Clusters are normally restricted so that trust can be maintained through group 
pressure 
6, and so the management of the cluster is within the institutional capacity of the 
commercial entity. The multistakeholder process contributes to developing understanding of 
changes that are required to improve the context for smallholder farmers to supply mining 
and other  institutional markets, while the cluster marketing process builds the capacity of 
smallholder farmers to supply the markets. 
 Interview Background and Results (Tete Provincial Farmers Union, Mozambique) 
The meeting was with the Tete Provincial Farmers Union, at the Directorates office in Tete, 
Mozambique,  with  the  National  President  chairing  the  meeting,  who  is  a  member  of  the 
directorate  of  the  BAGC.  The  meeting  was  translated  into  English  from  Portuguese  by 
Emerson Zhou, the Manager of the BAGC. The Tete Provincial Farmers Union represents 
smallholder producers in the Tete region. 
When asked of the experience so far of the mining involvement generally, and of the direct 
involvement with agricultural producers, the Provincial Farmers Union representatives stated 
the experience so far has been quite mixed. The members discussed that the mining activity 
has displaced farming populations, and placed them in areas that have poorer productive 
capacity  and  with  less  resources  than  they  already  had  in  terms  of  infrastructure  and 
services. They stated that many promises have not materialised, although some initiatives 
were beginning to improve after some years. On the positive side, the railways are running 
more frequently, and some local roads have been  made  more functional, there are more 
schools, health facilities, and other social benefits. There is also more employment, although 
the  workforce  is  not  organised  or  trained  to  meed  many  requirements  of  the  new 
developments.  At  present  local  workers  are  only  paid  the  minimum  salaries  that  the 
government prescribes. 
When asked of the relationship between the mining company food procurement and the local 
farmers, there are some intermediate small-scale contractors that procure food for Vale, and 
possibly  other  mining  companies.  The  representatives  stated  that  in  practice,  these 
contractual  arrangements  enable  the  contractors  to  go  to  the  local  farmers  without  prior 
arrangement and tell the farmers what price they will offer. The buyer often rejects some of 
the produce because it does not meet their quality requirements. The farmers are not aware 
of the price the buyer gets for their producer in turn, and have very little information regarding 
the quality or quantity that is sought from a day-to-basis, apart from that which is rejected.  
The  primary  products  sought  are  horticultural  produce  (e.g.  tomatoes,  cabbages,  carrots, 
lettuces). Farmers also have difficulty meeting quality requirements during the wet season 
due  to  horticultural  diseases.  The  representatives  were  asked  if  cattle,  sheep,  goats, 
chickens, or eggs that are produced in Tete are sold to the mining companies in Tete. In 
response the group stated that Tete is a traditional producer of livestock goats, cattle, and 
livestock, yet the mines are not interested in sourcing meats and animals that they deem are 
not of the right quality, so they do not source the meats locally. 
The representatives noted that the major issue is not that the farmers do not know how to 
produce a better product, it is that many farmers are not able to buy the correct inputs when 
they  need  them,  even  when  they  can  afford  them  and  it  is  profitable  to  do  so.  What  is 
available is not sufficient for the task, particularly in terms of expensive chemical sprays for 
horticultural products, which need to be precisely used at particular times to increase their 
efficacy. The representatives stated that to produce a better product, they expect to get a 
better price to justify these activities and outlays and a guaranteed commitment to purchase. 
At the moment, the union representatives are trying to explore with the buyers what it would 
mean financially if they provide an improved product, will it get a better price, rather than 
simply rejected or purchased. 
When the Provincial Farmers Union representatives were asked about how the buyers have 
interacted with the farmers and vice-versa, they said that the buyers have not worked with the 
farmers to discuss options that would enable them to better meet supply requirements and 
volumes. They also noted that the buyers were selected through an initiative between the 
mining companies and the Department of Agriculture in Mozambique. There was a meeting to 
coordinate  service  providers  that  supply  mines  in  terms  of  local  agricultural  produce. 
Expectations in these arrangements were that buyers would work with the farmers to improve product quality and quantity of selected produce to meet the mine procurement needs. This 
has not been the case. 
The representatives were asked if there are other local opportunities to supply the growing 
local  market  through  the  economic  boom  related  to  the  mining  industry  in  Tete,  such  as 
hotels  and  restaurants.  The  representatives  indicated  that  there  appears  to  be  “invisible 
supply chains” that the local farmers do not have access to, and those that do are essentially 
protecting their competitive advantage to maximise their own benefit. 
 
 
Fig. 1 Tete Provincial Farmers Union and project partners meeting with locals at the market. 
 
 
 
Fig. 2 Rural roadside produce in remote areas, near Tete, Mozambique. 
 
 
Interview Results and Background (Vale representatives in Cateme, Mozambique) 
Project partners interviewed an experienced local Vale representative who escorted project 
partners around Cateme in Mozambique, and discussed much of its history. Approximately 
3,000 people, (758 families) now live in Cateme, which Vale established four years ago as 
the resettlement village for the people displaced by mining operations in Moatize, Tete (Fig. 
3). In simple terms, Vale were asked by the Government of Mozambique to provide food and 
houses for the displaced people. What was most important to the displaced people was the 
quality and the area of productive land they were given as compensation. Unfortunately, the 
land  that  was  selected  was  less  productive  and  quite  different  than  the  land  they  were 
displaced from. In addition to the poorer soils (reported but not independently validated), and 
much larger distance to the major markets (~30 km away), there is lower rainfall in Cateme, 
little access to water and no irrigation infrastructure. To improve the soils requires significant additional earthworks, fertilisers, other amendments, and many years of cultivation to attain 
good yields.  
The Vale representatives discussed that the company has made much more of an attempt to 
provide  improved conditions in Cateme. In addition to the schools, health services, water 
hand  pumps,  roads,  waste  water  systems,  lighting  and  electricity,  and  the  much  needed 
improvement to the poorly constructed housing that was originally build under subcontract, 
Vale have established a demonstration farm. The farm is now two years in production and the 
areas under cultivation are growing. The Vale representatives stated that in the beginning the 
displaced families were simply given free food and water was trucked in. He described that 
this  wasn’t  socially  conducive  to  the  community,  or  appropriate  to  give  a  traditionally 
agricultural community the capacity to return to farming that was self-supporting.     
 
 
Fig. 3 Typical house in Cateme 
Vale  is in the  process of establishing five training  programs to support the community to 
produce food (Fig. 4, 5 and 6). The first training program is focussed on chicken production 
for meat. They are hoping to train up to 100 families to be able to supply Vales local demand 
for chicken meat. There are now 16 families, and the hope is to attract 50 within the year 
(2013).  The  second  program  is  focussed  on  producing  beans  and  legumes.  Up  to  200 
families will be selected to produce beans using half a hectare per family. The third program 
is based on cattle, and the cattle are herded in a traditional manner around the village. The 
families have to pay a small amount to buy the breeder cattle, 5-6,000 Meticais for three cows 
is the subsidised price, as one cow is now worth 12,000 Meticais at the local market in Tete. 
The fourth program is focussed on horticultural production, presently 20 ha areas, which is 
being cleared, cleaned, and prepared using  Vale’s  machinery and employees. At present 
around 80 families of the 300 expected families are undertaking the horticultural program, 
each  with  currently  0.5  ha.  The  vast  majority  of  all  the  agricultural  inputs,  tools,  and 
machinery  used  on  the  farms  are  provided  by  Vale.  A  major  focus  for  the  horticultural 
program is the need for improved water infrastructure for the 20 ha. The present water source 
is boreholes, although how expansion of irrigation will impact the water quality is unknown, 
particularly the salinity. Vale is looking at pumping water from Zambezi River 22 km away to 
Cateme, and there is a need to establish if other communities along the proposed pipeline will 
require water. For the next few years there are short-term plans to build two small catchment 
dams on the local river near the railroad alongside Cateme to provide sufficient irrigation water for the horticultural expansion. The produce farmed in Cateme presently includes a 
very  wide  variety  of  foods,  including  tomatoes,  onions,  cabbages,  lettuce,  which  are  all 
irrigated and maize, sesame, and beans which are rainfed. The fifth program is aimed at 
fertiliser use, manufacture, and training. At present 100 families are using manure, grass, and 
sawdust, to make organic compost, each batch taking three months to produce. 
 
Fig. 4 Vale-supported smallholding broilers use the Newcastle Disease (ND) inoculants. 
 
   
Fig. 5 Vale sponsored nursery for local community 
  
Fig. 6 Lettuce and onion growing in Vale demonstration farm 
The Vale representatives discussed that the expectation is that Vale will buy all the crops 
from the farmers at market prices. This is despite Vale essentially subsidising all the input 
costs, and providing all training at zero cost. At present 60 people are employed by Vale to 
work  on  the  farm  to  provide  communal  facilities,  postharvest  infrastructure,  and  provide 
training. The Vale representatives noted that while this is the case, it is also viewed as part of 
the  displacement  compensation  that  the  villagers  receive  in  addition  to  houses,  schools, 
water,  food,  and  healthcare.  In  addition  to  Vale,  the  Government  of  Mozambique  has 
provided  employment  for  200  people  making  roads  in  and  around  the  community. 
Furthermore, the mine life at the time of Cateme establishment was expected to be 35 years, 
and now the second stage is estimated at 50 years. Clearly it is imperative that significant 
attention is given to the retraining and support to the displaced community that in their new 
environment,  at  the  very  least,  they  can  attain  their  previous  levels  of  pre-relocation 
productivity. And it is hoped that the current agricultural extension intervention will provide a 
substantial lift in the agricultural productivity for the Cateme community. 
 
Interview Results and Background (AgDevCo, Mozambique, Ghana, Tanzania, Zambia)  
AgDevCo manages the Beira Agricultural Growth Corridor (BAGC) Catalytic Fund, which is 
approximately  23  million  USD  in  funding  primarily  from  the  Dutch,  UK,  and  Norwegian 
governments. The funds are for social venture capital for agribusinesses, and AgDevCo has 
offices in Mozambique, Ghana, Tanzania, Zambia, with headquarters in London, UK. The 
BAGC  Catalytic  Fund  is  a  custodian  of  private-public  partnerships  (PPPs)  in  the  Beira corridor. Established in 2009, AgDevCo is a non-profit philanthropic organisation looking to 
develop the agricultural sector across sub-Saharan African. AgDevCo is heavily involved in 
brokering  corporate  partnerships,  such  as  large  buyers  with  small  to  medium  enterprises 
(SMEs) through selected agricultural supply chains. These partnerships are generally with 
large corporate companies that wish to buy agricultural products as well as foster broader 
opportunities  in  the  region  on  a  commercial  basis.  They  are  also  involved  with  public 
institutions in Africa that play a role within the supply chain, such as the TVET sector, and 
also large international aid agencies. AgDevCo view their role in the region as primarily as a 
co-investor, not a service provider. 
 
AgDvCo  is  most  active  in  Mozambique,  but  is  looking  in  the  long  term  at  pan-African 
opportunities.  Mozambique  is  a  very  strategic  country,  particularly  for  expanding  into  the 
hinterland  countries  in  southern  Africa.  The  AgDevCo  representatives  interviewed  by  the 
project partners stated that “while many other countries in the region have their challenges, 
many already have a commercial and private sector and a reasonable regulatory environment 
when compared to Mozambique at this stage in its development after the war. If we can be 
successful in Mozambique, we’ll likely be successful elsewhere. However, within the BAGC in 
Mozambique things are different. It has rail, roads, electricity, and you just need the last mile 
infrastructure  that  plugs  it  all  together,  so  that  is  why  we  are  focusing  there  first  in 
Mozambique.” 
 
AgDevCo is partly funded by the UK Government’s Department for International Development 
(DFID), and DFID has focused on how to integrate international development activities within 
the mining sector. As a related consequence, AgDevCo representatives indicated that they 
have a Memorandum of Understanding with Rio Tinto, a major mining company involved in 
Mozambique’s BAGC , and are looking at three broad opportunities at the pre-feasibility stage 
that are now well advanced. These broad opportunities are essentially linking demand with 
supply  of  agricultural  produce,  and  procurement  arrangements  within  Mozambique.  The 
principal goal is to increase local agricultural capacity to enable supply to the growing list of 
extractive industry companies working in Mozambique and from there to export markets. 
 
The AgDevCo representatives were asked what have they learned that has influenced how 
they themselves have operated in Mozambique? “You need to have someone there on the 
ground working with the partners. Communication is so important. Clear, consistent, regular 
communication. We also try and get some internal communication strategies introduced into 
our partner companies to help everyone understand what the overall objectives are”. They 
noted that communication, “knowing the people involved, and trust is everything”, and was 
not isolated to this scenario. They noted that “within an organisation there are many levels 
and ways of understanding a subject and topic. It is important that all levels understand the 
strategy behind what we are doing. For example, the company management and the farmers 
might  think  something  is  a  brilliant  idea  and  support  it,  but  a  line  manager  may  not 
understand the broader strategy, and they will be wondering why they would have to do this? 
It might seem that they are being taken in the wrong direction.” 
 
When queried about how AgDevCo will engage with other major companies in the region, the 
representatives noted “On the procurement side, Rio Tinto doesn’t want to be the only buyer, 
and we view Rio as a catalyst. It makes sense that AgDevCo development has a diversity of 
demand by large corporate buyers. However, procurement is two sided, there are sellers and 
buyers, and the strategy is to strengthen the offer from agricultural suppliers. At the present 
time, the supply base not sufficiently organised to respond.” The AgDevCo representatives 
described that over the last few years they have demonstrated that they are able to enable 
local entrepreneurs to organise themselves to respond to some of the demand. They stated 
that “each strategy will be different, some producers have a history, and AgDevCo might be 
able to reorganise it, but we do not need to start at the same level for each. It is really a 
simple concept but is very difficult to convey sometimes.” They described that some really 
good SMEs are supply ready, or very close to it, but some are not, and it will require a long 
time and effort to get contracts signed and the SME’s being able to meet demand.   
When  queried  on  what  have  been  the  positive  developments  on  the  supply  side,  the 
AgDevCo representatives noted “For the last 3 to 4 years we have plugged the hole in risk 
capital that exists at the moment, as commercial finance is not available for a number of 
worthy  entrepreneurs  in  the  small  end  of  agribusiness,  traditionally  deemed  too  risky  for 
conventional lenders.” They described how the Catalytic Fund looks for strategic investments 
in the value chain, including seeds, grains, and feed, for animals such as poultry and other 
livestock, in the aim to try and join the links in the supply chain. The objective is widening the 
supply base that is available, as buyers want it all from the same location, which reduces 
logistical costs of buying produce. “The larger buyers have alternatives and an ability to look 
elsewhere and pay a premium for it. AgDevCo are in the business of convincing the larger 
buyers that there is another way, and in parallel work to ensure that suppliers can meet the 
demand”. AgDevCo representatives noted that when attempting to essentially  change the 
existing supply chains, there needs to be consideration of how local producers can meet 
demand, and that existing food companies want a form of guarantee that this will happen, 
which requires exploration at a detailed level, even down to cash flow considerations. The 
AgDevCo representatives said “For AgDevCo it’s not as simple as just ‘buyers and sellers’, 
there are nodes, chains of buyers and sellers, and that makes it more difficult to get the 
information we need, and knowing what the incentives and preferences are at each step. 
There are also notable issues regarding the lack of public goods, such as basic agronomic 
knowledge, food storage, transport, and also the roads.” 
 
The AgDevCo representatives were asked what mechanisms did they use to engage with 
local farmers in relation to these issues? “We assist the process, including how to engage 
without alienating people, and by finding suitable partnerships in the region, and also looking 
at  agro-finance.  In  simple  terms,  to  minimise  coordination  failures  when  they  occur”. 
AgDevCo  representatives  noted  that  in  the  beginning  they  used  to  have  open  calls  for 
proposals on their website and invited people to come forward, which established their initial 
smallholder contacts. AgDevCo also visited established larger farmers in the region to identify 
some “ripe projects” that they could support, and would be possible to play a positive role. 
They  stated  “we’ve  essentially  tried  to  jointly  identify  opportunities  with  farmers.  Local 
entrepreneurial  farmers  present  to  our  people  on  the  ground  their  business  ideas.  The 
entrepreneurial farmers have their own money, and they come to us to co-finance their idea.” 
Out of this experience, AgDevCo have been able to identify particular local constraints, such 
as  the  unavailability  of  suitable  finance.  “We  basically  put  the  word  out  that  there  is 
competitive funding available, and there is a large element of advocacy involved. There are 
clear funding criteria, as they need sound management, they need to be commercially viable, 
and  they  also  need  to  have  impact  in  the  region.  We  also  do  our  own  due  diligence 
assessments, and undertake a lot of scoping for opportunities. There are some cases where 
we have a large ‘hands on’ approach, but in the main the entrepreneurs themselves manage 
the opportunity.” 
 
AgDevCo representatives stated categorically that when it comes to entrepreneurs, they did 
not want to “hold their hand too much”, and they view the Catalytic Fund “not as a grant, it’s 
an investment”. It is very much focused on ensuring entrepreneurs exit the facility. “We want 
the Catalytic Fund money back so we can recirculate it, so loans do have to be repaid. It’s not 
the 20% and up return on equity that commercial finance expects, it’s more like 5 to 10%. 
While we exit from projects, we do not exit from the market.” They stated “essentially one can 
summarise our approach as a social venture capital investment model, where we provide risk 
finance, not just loans, equity that requires incubation, some handholding, but the aim is to 
provide  support  up  to  the  point  where  they  become  bankable,  where  they  can  attract 
commercial  finance. We  are  there  to  ensure  that  they  become  a  strong  catalysing  effect 
towards a local commercial industry that brings up the rest of the community. It’s the business 
model that we believe is a solution to this.” 
 
The  AgDevCo  representatives  were  asked  if  they  believed  this  was  a  new  model  for 
agriculture  in  Mozambique?  They  clarified  the  question  by  explaining  there  are  existing financial institutions that operate at different levels. “For example, some financial institutions 
have  either  short or long  term  loans,  but it  is  not at  the  incubation  level,  and  they  don’t 
provide patient funds that can help people pull through various stages.” They also noted that 
they  see  that  actively  collaborating  with  these  other  organisations  is  part  of  their  role  of 
brokering partnerships, and are flexible with their own funding model. “Sometimes we take a 
commercial management fee, such as for a large irrigation PPP for example.” 
 
The AgDevCo representatives were asked how they approached the various partners in the 
region? They explained that they are at present focused on trying to establish long-lasting 
partnerships.  “We  also  work  with  other  entities  that  we  do  not  financially  support.  For 
example, we go to a large company, and talk about an opportunity to work with small to 
medium  sized  agribusinesses  linked  up  to  the  same  supply  chain.  Take  for  example, 
Mozfoods/Vanduzi who are a large established food company. We can broker smallholder 
produce  that  suits  their  needs,  or  farmer  development  activities,  such  as  establishing 
outgrowers.  Those  relationships  are  going  above  and  beyond  traditional  finance  with  the 
Catalytic  Fund  projects  that  establish  relationships  outside  of  normal  commercial  supply 
chains.” They noted that they also engage other financial institutions to help them improve 
their services, and target institutions that are complementary to each other. “At present we 
are looking at providing funds into other institutions to manage on a commercial basis. When 
some institutions have a particular expertise and resources that we do not necessarily have, 
we seek to partner with them, and our objectives are achieved by those means.” 
 
The project partners were aware of biofuel research activities that AgDevCo were exploring, 
and  asked  if  they  would  explain  how  this  is  proceeding.  The  AgDevCo  representatives 
clarified that it’s at the very early stages, and it is simply a mining company led initiative as a 
basis  for  cost  savings  in  the  mine.  High  diesel  costs  are  a  crucial  element  in  mining  in 
Mozambique, and landing the fuel at a reasonable cost is a major risk at the mine. “The 
studies  are  at  a  pre-feasibility  level,  and  we  are  essentially  looking  at  if  it  is  possible  to 
explore this further. The numbers at present look too expensive for first generation biodiesel 
without large mechanised lands, and suitable fiscal regimes, so it’s not really suitable.” They 
did  note  that  as  a  consequence  of  that  pre-feasibility  work  there  were  some  interesting 
findings, such as using straight vegetable oil pressed from oil seeds. They noted that if the 
production of edible oil locally increases, then much of the demand will be the local food 
markets, but a portion of it can also be used as ‘straight vegetable oil’ (SVO). “We are now 
looking  to  do  a  SVO  pilot  with  the  existing  equipment  manufacturers  to  see  how  this 
influences the vehicles. The benefit of increasing the local supply of edible oils for these types 
of projects is that it will also lower the price for edible oils in urban markets. At present it is a 
very expensive item. So it’s a work in progress.” They noted that the opportunities for biofuels 
are limited, and people are also looking at how land is used. “Biofuels have not been able to 
move forward at an exciting pace, such as Jatropha. They stated they are “in a practical 
mode” in relation to biofuels. “Universities tend to want to investigate biofuels, but it must be 
action oriented research to drive lessons that are practical. The government in Mozambique 
introduced biofuel blending requirements which were already supposed to be implemented, 
but they  haven’t been. The political dimensions are quite complex  in terms  of biofuels  in 
Africa, and there are many land allocations given for growing Jatropha, but the promised 
yields were never achieved.”   
   
The AgDevCo representatives stated that their “stakeholders don't just want to talk, we need 
to  deliver  meaningful  partnerships.  They  want  us  to  implement  practical  things,  and  the 
universities can help us to achieve that.” They noted that structured documentation of what 
AgDevCo is doing is important so others need to learn how to implement productive activities. 
“AgDevCo is a new initiative and we want to generate lessons, but our partners also expect 
us to generate business. If we spread ourselves to thin, we risk being misunderstood.” 
 
Discussion and Conclusions 
Discussions with the Tete Provincial Farmer’s Union identified that while the presence of new 
market opportunities with the extractive industries was a positive development, challenges still  remain  with  regard  to  quality  specifications  and  reliability  of  purchasing.  It  was  also 
communicated to the project team that such procurement is price-dependent, and that the 
price is set by the buyer, and that no premium is paid for meeting quality standards. Rather 
sub-standard  produce  is  rejected.  These  procurement  activities  can  be  described  as  the 
default procurement activities in the region, and much additional work is required to develop 
suitable mechanisms for workable solutions. As such, there is an opportunity for farmers who 
are already organised or associated through the union, to themselves supply new market 
opportunities.  For  example,  there  could  be  an  arrangement  to  take  aggregated  quality 
produce to a collection point, or market, on a regular basis to facilitate buyers. There is also a 
need to understand in detail what the mine food procurements contractors and other buyers 
are looking for, and how the farmers might be able to better meet their needs. Additionally, for 
local  markets to work efficiently  when farmers can meet quality and volume targets, they 
subsequently need to have assurance that they will consistently receive a higher price than 
comparably lower quality and variable quantity produce. Farmers need this assurance that 
they can invest with confidence to consistently provide higher quality produce that they will be 
paid a higher price when supplying mining company subcontracted buyers. 
The  project  partners  believe  these  elements  underpin  the  development  of  three  major 
opportunities in the smallholder/food procurement interface. Firstly, understanding what the 
farmers can and cannot grow at present to meet the extractive industry food procurement 
standards.  Secondly,  transparency  in  the  mine  food  procurement  process  is  needed  to 
determine  effective  methods  of  influence  food  procurement  contractors.  This  may  be 
undertaken  using  unconventional  means.  For  example,  actively  exploring  mine  chefs 
willingness  to  be  innovative  with  ‘non-conventional’  local  produce  as  a  displacement  of 
imported equivalents. The project partner site visits demonstrated that high-quality produce 
and unique flavours that the farmers are currently growing that can meet some of the needs 
of the mine chefs in the region. Increasing the demand for the local quality produce that does 
grow  well  locally  can  be  as  simple  as  modifying  the  menu  to  utilise  seasonal  produce 
cultivated  at  scale  and  to  surplus.  (In  the  Tete  region  the  produce  includes  maize,  rice, 
cassava,  sorghum,  millet,  groundnuts,  cattle,  goats and  chickens).  These  opportunities,  if 
enabled, create the possibility of exploring opportunities for the mine chefs to create new 
modern African cuisine based on historically traditional produce and methods. The project 
partners note that some progress at local procurement have already begun in the region for 
selected  produce.  For  example,  in  Tete,  Amerigo  Americo  de  Conceicao,  the  Provincial 
Director of Agriculture has organised for goats to be directly procured to meet the local needs 
of  Vale’s  operations.  Nonetheless,  there  exists  much  scope  for  additional  organisation  to 
more effectively procure a broader range and larger quantity of local quality produce already 
available in the region.  
 
Project partners believe that while these step changes are laudable, a fundamentally new 
and  more  commercial  approach  is  required.  Melding  extractive  industry  corporate  social 
responsibility towards local smallholder farmers can be fostered by intermediate commercial 
social venture capital partner organisations with catalytic commercial investment and food 
supplier  interventions.  Mine  food  procurement  contractors  are  given  suitable  KPIs  and 
facilitated to ensure that local smallholder producers capture a growing proportion of the mine 
agricultural produce demand through the further introduction of intermediate commercial food 
companies. The intermediate commercial food companies create confidence in the supply 
chain  to  enable  local  mining  procurers  and  subsistence  producers  to  participate  in  the 
growing need for quality and safe food in the region that meet international standards. The 
intermediate food companies provide the needed infrastructure, agronomic expertise, inputs, 
knowledge, technology, and support, all on a commercial contractual basis. An active and 
intensive smallholder capacity building and training program is required to become a major 
new element of their business, resulting in local PPP ‘model farms’ on smallholder plots. This 
provides companies with a balance between production flexibility and risk, and enables cost-
effective rapid expansion and contraction of production to meet their own commercial supply 
contracts in a dynamic global food market.  
 The  fundamental  role  of  the  social  venture  capital  partner  organisations,  such  as  the 
AgDevCo, is to look for strategic investments in the value chain to minimise coordination 
failures when they occur. This necessitates a detailed understanding what the incentives and 
preferences for each player in the supply chain, and barriers to the development of local 
markets. The social venture capital partner organisation will require funds to jointly invest with 
selected  entrepreneurial  smallholder  farmers  to  be  repaid  in  time.  Rather  than  being  a 
passive  recipient  of  agricultural  RD&E,  in  this  model  smallholders  become  an  active 
participant  in  training,  generating  new  knowledge,  analysing  results,  and  implementing 
measures to improve yields and produce quality products on a commercial basis. They have 
access to business and agronomic professionals, agricultural inputs, transport and other post-
harvest technologies provided by intermediate food companies from the transparent off-take 
agreement. It is in the interest of the food companies and the social venture capital partner 
organisations  to  ensure  that  their  commercial  reputation  is  maintained  by  ensuring 
smallholders produce at high quality and required quantities. This commercial supply chain 
provides the continued funding and capacity to increase smallholder productivity that is often 
unavailable  to  governments  and  aid  agencies  directly.  In  this  model,  smallholders  can 
achieve  ‘best  practice’  production  to  supply  international  and  local  food  markets,  and 
demonstrate new production systems that can be implemented locally, underpinning external 
increases  in  agricultural  productivity  on  a  commercial  basis.  It  is  underwritten  by  mining 
companies becoming the anchor ’market shaper’, at no net cost to them, and with associated 
corporate social responsibility and political benefits.  
 
In conclusion, the project partners believe that the PPP ‘model farm’ in sub-Saharan Africa is 
necessarily dependent on selecting local subsistence smallholder producers and SMEs with a 
willingness and ability to become commercial producers. It is also dependent on commercial 
food  company’s  willingness  to  adopt  this  unique  expansion  model,  and  also  high-level 
support  from  mining  company  management.  To  maintain  all  of  the  cross-supply  chain 
knowledge and extensive networks, the social venture capital partner organisations provide 
this  fundamental  element,  with  experienced  private  equity  and  banking  professionals  and 
third-party commercial farming advisory capacity. 
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 11. Research Topic 2: From subsistence farmers to commercial exporter: fresh and dried chilli 
supply chain productivity gains from semi-transparent solar thermal/PV driers; and protective 
cropping  using  solar  photovoltaic-powered  cooling  of  charcoal  mushroom  houses  in 
Mozambique. 
 
Introduction 
Small-scale farmer production, capacity building, extension services, and marketing activities 
remain disintegrated, and their integration under-emphasised in current development activities 
1,2.  In  many  regions  of  Africa,  producers  are  commonly  using  inferior  and/or  outdated 
technology  and  knowledge,  including  unimproved  varieties,  cultivars,  and  stock 
2,3. 
Infrastructure, education, and agricultural extension investments have long lead time horizons, 
and a farmers’ ability to adopt new technologies and farm inputs over time requires greater 
supply  chain  stability  (both  input  price  and  farm  gate  price) 
4.  However,  a  strong  market 
demand is required to underpin increased agricultural sector investment towards commercial 
production 
5, and more consideration should be given to long-term policies attracting the private 
sector to provide agricultural inputs and services over at least a 20 year period 
6,7.  
 
This  project  seeks  to  leverage  detailed  baseline  information  of  selected  existing  production 
systems  in  the  Beira  Corridor,  involve  local  farmer  and  food  company  consultation  and 
development  of  suitable  synergies  between  the  existing  supply  systems  and  mining 
procurement demand. The aim is to develop  local capacity to  produce suitable volumes of 
commercial agricultural produce through cooperation along the value chain. Developing local 
capacity to supply commercial demands requires access to modern capital, cultivars, and inputs 
for  improving  farm  productivity,  alongside  an  action  research  process  that  develops  and 
demonstrates improved production techniques over time. 
 
As subsistence farmers are traditionally resource poor in terms of land, capital, and access to 
new  technologies,  a  distinction  must  be  made  between  emergency  relief  and  creating  an 
environment to enable participation in productive and profitable agricultural commerce 
7. It is 
well known that most small farms in Africa are becoming increasingly unviable under existing 
production  systems 
4,  with  the  average  cropped  area  in  Mozambique  only  1.5  ha  per 
household, and a commensurately low level of farmer group membership 
3. At unimproved 
levels  of  production,  small-scale  operations  are  unable  to  meet  quality,  reliability,  and 
consistency  standards  even  when  market  access  exists 
8.  Furthermore,  postharvest 
technologies are fundamental to reducing losses and meet standards of safety, and around 
50% of bumper crops may be lost due to lack of postharvest handling technology adoption 
7. 
Yet, post-harvest waste reduction requires collective investment at the local scale to make use 
of  suitable  local  storage  and  transport  opportunities,  needing  investment  in  and  transfer  of 
existing technology 
7,9. 
 
Methods 
The research method was semi-structured group interviews and site visits with open-ended 
questions with selected representatives of the upper management of Vanduzi, a wholly owned 
subsidiary  of  Mozfoods  in  Chimoio,  Mozambique.  The objective  was  to  explore  Vanduzi’s 
existing and potential supply chain, and clarify their activities within the context of fostering 
selected local farmer clusters to increase agricultural produce supply in the region that meet 
commercial  food  supply  requirements.  During  the  site  visits,  observational  data  were 
collected in the form of photographs. Both the semi-structured interviews and the site visits 
were  undertaken  on  18  January  2013,  and  took  approximately  three  hours  in  total.  The 
majority of the interview notes were derived from the most senior representative. 
 
A quantitative exploration of increasing chilli productivity with the addition of portable thin-film 
semi-transparent solar thermal/PV driers was undertaken. A simple prototype constructed out 
of cheaply available materials demonstrated the ability to successfully dry the chillies within 
one day. The performance of the semi-transparent PV module was simulated using primary 
climatic data (daily, and monthly mean) using meteorological ground-station data at Chimoio, Mozambique, Lat.(N): -19.1, Long.(E): 33.5, 731 m above sea level.  The transformed climatic 
data  were  sourced  from  RETScreen’s  (version  4)  climate  database,  incorporating  the 
improved NASA Surface Meteorology and Solar Energy Dataset. The technical simulations 
were  performed  using  HOMER  version  2.68  beta,  which  simulates  the  operation  of  the 
renewable energy system over 5 minute intervals for a one year period. Monthly average 
meteorological solar and temperature data were used to simulate the technical performance 
of the PV module to supply a stand-alone application. 
 
The performance of a small-scale mushroom house built from materials locally available in 
Mozambique,  and  powered  by  renewable  energy,  was  analysed  qualitatively  as  a  simple 
cooling  device.  It  demonstrated  the  ability  to  successfully  provide  cooler  temperatures  to 
expand  local  production  of  mushrooms  and  increasing  the  sustainability  of  small-scale 
charcoal and wood supply security within the local socio-environmental context of material 
and  energy  availability.  The  energy  demand  of  the  small-scale  mushroom  house  was 
provided by a 12 V lead-acid battery charged by a co-located solar PV module, the same 
module  that  the  chilli  drier  uses.  The  size  of  the  small  mushroom  house  is  able  to  be 
configured based on the seasonal solar resource, and the local wind resource available in the 
region. The renewable energy-powered fan and the local wind resource provides cooling by 
evaporative cooling. Water  is  introduced  to  the  mushroom  house  wood and  chicken  wire 
structure and soaks the internal charcoal fill, which evaporates, providing a cooler internal 
volume akin to “Coolgardie safes’ used in early Australian regional areas for refrigeration.   
 
Interview Background 
The  Mozfoods  subsidiary  Vanduzi  imports,  produces,  and  fosters  local  production  of 
horticultural products for export by using off-take agreements, and now supply local extractive 
companies. Vanduzi has traditionally supplied European export markets with a focus on baby 
corn. In 2012, the company sought and won supply contracts with Mozambican based mining 
and  oil  and  gas  companies.  This  has  led  to  an  expansion  of  the  company’s  business, 
resulting in additional importation of horticultural products to meet the variety, quantity, and 
quality requirements needed by the extractive industries. At the same time, the company is 
aggressively  implementing  a  strategy  of  local substitution  of  supplied  products  where  the 
varieties and growing conditions are suitable in Mozambique. This includes exploring farming 
at higher altitudes to extend the range of crops available, and to generate new information 
regarding agronomic requirements to assess cultivars of marketable vegetables capable of 
meeting  commercial  standards  of  growth  and  marketability  in  the  unique  agro-ecological 
conditions  in  and  around  Chimoio  and  Tete.  This  expansion  plan  includes  a  strategic 
leveraging  the  availability  of  local  smallholder  farmers,  and  actively  fostering  smallholder 
capacity to initially displace Vanduzi’s need for food imports to supply local markets, and 
eventually build sufficient smallholder capacity to enable net exports. 
 
This expansion is accompanied by significant investment to support third-party farmers in the 
form of training and a process of continual improvement, guaranteed off-take, and supply of 
farm inputs (seed, seedlings, fertilisers, and chemicals if needed). To date most success has 
been  observed  with  ‘birds  eye’  chilli’s,  both  for  export  and  also  incorporated  into  the 
Mozambican staple flavour of ‘Peri Peri’/’Pilli Pilli’ (Fig. 1). The smallholder farmers also have 
the opportunity to sell or value add produce that does not meet Vanduzi’s requirements for 
export, principally already mature red chillies
e (Fig. 2). These ripe chillies are very suitable, 
however,  for  drying  and  the  research  team  discussed  with  Vanduzi  management  the 
application of a PV-enabled novel chilli dryer that may prove both cost-effective and produce 
high value, high quality, dried chillies. 
                                                 
e Colour as a measure of ripeness is the principal determinant for acceptance of product, with orange being 
the preferred colour as it will ripen to red during transport, whereas red chillies would be ‘overripe’ (soft, 
rather than crisp), when delivered to the final export destination.  
Fig. 1 Vanduzi-supported local smallholder chilli producer (left), using the ‘birds eye’ F1 
hybrid. 
 
 
Fig. 2: Examining recently harvested chilli produced by smallholders in Chimoio. 
 
Interview Results and Discussion 
Since 2004 Vanduzi have developed both farms and outgrowers, exporting exotic vegetables 
to the UK. They have developed an expertise in exported baby corn, and this remains the 
focus to date. Other products include export sugarsnap peas and chillies, predominantly to 
the UK. The produce is grown the small-scale facilities within a 90 km radius from Chimoio.  
 
Vanduzi  are  now  supplying  the  oil  and  gas  companies  in  Mozambique,  and  the  major 
extractive  companies  operating  in  Tete  with  high  value  horticultural  produce  principally 
sourced  from  outside  of  Mozambique  as  local  producers  are  not  currently  able  to  supply 
either appropriate quality or quantity. At the same time Vanduzi are committed to a strategy of 
local product substitution. In other words they have secured the market opportunity first and 
have then embarked on a process of developing and then incorporating local supply. 
 At  present,  to  facilitate  supplying  the  local  market  using  local  produce,  Vanduzi  have 
established  a  small  ‘market  garden’,  which  will  become  one  hectare.  The  purpose  is  to 
establish local agronomic knowhow to produce mushrooms, cucumbers, peppers on a year-
round basis to supply first local and then international demand. Vanduzi’s intent is to establish 
the local smallholder production capacity to source a range of commercially viable produce 
that their growing customer base wants to see seven days a week, 52 weeks of the year’. 
Prior  to  developing  a  local  customer  base  supplied  by  local  smallholders,  they  need  to 
address a number of fundamental local agronomic challenges that are at present preventing 
local smallholders from growing local produce at a sufficient volume and quality to meet the 
growing customer demand. Vanduzi readily acknowledge that the extractive industries are not 
going to provide a sustained customer base of sufficient scale, but rather provide a ‘spring 
board’  to  underpin  the  smallholder  production  expansion.  Over  time,  the  strategy  is  to 
develop capacity to compete in larger international markets proximal to Mozambique, such as 
South Africa. Vanduzi representatives stated that “as we are 1,500 miles closer than Kenya, 
in theory we should be able to compete with Kenyan food suppliers for the South African 
market.” In this competitive space, the role of better utilising transport backhauls also brings a 
competitive  edge  to  aggregating  local  smallholder  production  in  Mozambique.  However, 
Vanduzi representatives clarified that that is a long-term goal, but now the focus is on how do 
we get the local smallholders producing to required specifications, and how to supply the 
large international companies in Mozambique. So for Vanduzi in the short-term, the parallel 
foci  are  generating  the  agronomic  knowledge  for  specific  produce,  and  developing  the 
interactions  and  capacity  between  the  smallholder  farmers  and  the  larger  companies. 
Vanduzi representatives said that “Anadarko is an energy company, and Vale is a mining 
company. They are not in the business of being a bridge between a farmer and the 
mine. That is the space where this company wants to be.” 
 
Smallholder farmer investment and training 
Vanduzi representatives stated they are very interested in the whole supply chain and are 
willing and able to invest to the point where they will be able to replicate this model to expand 
their operations. They described that they had a number of smallholder farmers with off-take 
agreements that are very good and meeting their exacting requirements. However, they are 
unable to produce more on their small land holdings, and with the limited amount of labour 
(as they do not use mechanical implements), Vanduzi would like to leverage them to improve 
the  capacity  of  other  smallholders,  and  retain  their  ability  to  maintain  producing  to 
specifications. 
 
Vanduzi  representatives  were  asked  if  the  training  process  was  easy  or  difficult.  They 
categorically  stated  that  this  model  is  time  consuming,  and  at  present  they  have  been 
attempting to use this model for three years. “You can’t just give people seed, and they can 
grow it. The second year they’ll do a lot better. The first year was a disaster. They’ve taken a 
few years of continual improvement.” The Vanduzi representatives noted that commercially 
viable  aggregated  production  at  scale  is  not  happening  yet.  Project  partners  note  that  a 
cluster marketing approach would be a valuable introduction to Vanduzi’s process.  
 
In  terms  of  protecting  their  investment  in  this  model,  the  Vanduzi  representatives 
acknowledged that the proprietary knowledge developed will be difficult to protect. They view 
that  with  their  primary  commercial  products  (such  as  baby  corn),  the  agronomic  and 
production  inputs  and  management  will  be  protected  as  best  as  they  can  by  developing 
balanced and integrated fertiliser and disease prevention programs. The unique soils and 
climatic conditions in the region will somewhat play to their advantage, yet will also be a 
challenge  to  overcome  in  the  short-term.  Vanduzi  representatives  noted  “because  these 
crops have not been successfully grown here before, the knowledge that’s missing is the 
horticultural methods,  species,  cultivars,  and skills,  particularly  to  grow  with  the  lack  of  a 
colder season.” Vanduzi are at present identifying various products that can be grown by 
making use of higher altitudes in the local area that can provide colder conditions to grow 
produce  that  requires  a  ‘cold  snap’.  Vanduzi  believe  there  is  a  huge  opportunity  for 
collaborations between government institutions, and the universities in the region to increase the level of research underway in suitable agricultural production systems, particularly within 
development  corridors  that  have  a  critical  mass  of  scale,  investment,  interest,  and  local 
populations.  
 
When asked how to translate agronomic research and development into the capacity building 
and training of local smallholder farmers, rather than simply establishing or sourcing from 
larger farming companies. Vanduzi representatives stated “Yes, the small scale farmers are 
different, they have a model where they work with the existing farmers, and don’t ask them to 
do what we ourselves don’t already know what to do. We develop a program that supported 
it. If it becomes commercially viable, then that’s the way to go, and charity won’t work.”  
 
The project partners asked Vanduzi representatives about the financial arrangements with 
the  smallholders,  “How  do  they  go  about  setting  up  a  market  price  mechanism  for  the 
smallholder?”  Vanduzi  representatives  stated  “it  is  based  on  a  percentage  of  their  gross 
margin, and if farmers believe they can supply what we want, they can get a substantially 
greater price for what they produce than what they can get in the local market.” Vanduzi 
supply  the  chemical  and  fertiliser  inputs,  alongside  expert  advice  as  part  of  the  off-take 
agreement. Vanduzi representatives clarified “while the risk is on the farmer technically, we 
don’t just leave them alone, and they have lots of people going there during the season to 
ensure they  have the best chance of meeting our standards and  needs. “We establish a 
‘training plot’, and also grow our products alongside contracted farmers in the first instance. 
This is how you plant, this is what you need to do, so people can come and see how it all 
works through the season.” 
 
Smallholders and new technology. 
The project partners asked Vanduzi representatives their views on mechanisation. “We don’t 
think mechanisation is the answer due to the small plot sizes”. The site visits demonstrated 
that the smallholder farms are very small in the local area, mostly less than one hectare and 
most  are  unsuitable  for  even  smaller  tractors.  For  example,  the  chilli  and  maize  plots  in 
Chimoio were 30 x 30 m
2. This small plot size was discussed widely as being inappropriate to 
larger  mechanisation  infrastructure,  including  two-wheel  tractors,  both  in  terms  of  the 
impracticality  physically,  and  also  being  out  of  reach  financially  to  most  smallholder 
producers.  Furthermore,  there  is  a  lack  of  a  historical  use  of  subcontracting  for  major 
seasonal agricultural tasks; traditionally subcontractors used animal traction, and  in many 
developing regions of the world these subcontractors have been the early adopters of various 
new mechanisation technologies as a logical progression of their business model. However, 
in the production systems in Mozambique, low-intensity manual labour remains the dominant 
energy  input,  due  primarily  to  low  wages  and  a  risk-averse  investment  culture,  which 
depresses demand for mechanisation options at the level of two-wheel tractors and above. 
This is despite many similar needs and benefits associated with their use in this region to 
many other regions of the world. The project partners noted that the combination of the small 
areas,  the  crops  grown,  and  the  mechanisation  requirements  are  such  that  if  any 
mechanisation is needed, it would be a combination of small hand-held implements (primarily 
for weed control), hand sprayers for chemical weed control, and small portable postharvest 
processing  options.  As  pre-planting  weeding  and  between  the  rows  during  the  growing 
season  is  a  labour  intensive  element  of  smallholder  systems,  the  use  of  nitrogen  fixing 
legume intercropping can suppress some weeds, and reduce nitrogen input costs, and is a 
suitable grazing feed after harvest, thereby reducing residue burdens for the next crop. If 
animal-based residue management options are unavailable or impractical, the introduction of 
simple backpack sprayers can be used for a variety of herbicide applications, in addition to 
fungicide  and  pesticide  control  if/when  needed  in  and  around  rows  and  cropped  plants. 
Furthermore,  the  use  of  additional  climate  control  and  processing  technologies  (such  as 
driers,  and  shade/grow  houses)  also  have  a  major  potential  to  increase  both  value  and 
productivity in the region. With the high level of incident light in Mozambique all year, there is 
the possibility of drying the chillies that do not meet specification. The hot climate is a major 
consideration for the smallholders, as new crop weeding is impractical during the hours of 
10am and 4pm when it is commonly around 36 degrees Celsius. There is also a barrier to the entry of two-wheel tractors, as there is not a widespread pre-existing culture of outsourcing of 
ploughing  in  the  region  as  there  is  in  SE  Asia.  Therefore,  the  use  of  appropriate 
mechanisation  and  equipment  would  need  to  be  critically  trialled  to  determine  their  cost 
effectiveness and practical benefit. These trials require consideration of the supply chain, as 
many parts and support services are unavailable in the area, and also fuel and electricity 
supplies are generally unreliable, expensive, or non-existent. 
 
Exploring post-harvest options further, the project partners inquired about the ‘cold chains’ in 
use at Vanduzi’s Chimoio facility: “What does Vanduzi do to ensure smallholder produce is 
maintained at the correct temperatures?” Vanduzi representatives noted that for their current 
produce, they don’t really need much stationary cold storage, apart from the chillers already 
on site. The refrigerated truck transport from the farm to the facility, and the facility to the 
buyer provides quality control. In contrast, the Vanduzi representatives stated that some of 
their large customers in Mozambique have surprisingly poor cold storage facilities. This also 
means there is little hygiene barrier, and the regions which they supply in Mozambique are 
known for being hot places for the majority of the year. 
 
Project partners asked how Vanduzi might be able to provide additional benefits to their local 
large  customers,  for  example  targeting  the  head  chef/individual  who  is  designing  the 
nutritional requirements for meals at the mining organisation. Vanduzi representatives stated 
that “at present it is often as simple as this much green leafy vegetables, this much fruit, etc., 
and they are not looking at the options that are here locally to provide the right nutrition that 
can  be  procured  locally.  A  major  question  is  how  do  you  educate  them  for  seasonal 
availability, and can they get options that are acceptable to the people working at the mine”. 
Vanduzi  believe  it  is  possible  to  shift the  food  procurers  from  the  familiar  mindset  of the 
western commercial cooking styles using traditional western vegetable combinations. They 
stated that system elements are assessed in isolation rather as a whole, and become difficult 
to introduce innovation: “ there  is a supply,  a demand, and then there are the nutritional 
requirements, then the procurement companies are told what to source. These systems are 
relatively  inflexible.”  The  project  partners  noted  the  large  scope  for  exploring  ‘chef 
adventurism’  in  mining  companies  in  Africa  may  be  a  possible  new  marketing  angle  to 
promote the local procurement of produce, and generate interest in the food supply chain, 
and how it impacts local communities.  
 
 
Technical Results and Discussion 
Chilli Drier Simulation Results 
The  annual  average  clearness  index  at  Chimoio  was  0.594,  the  annual  average horizontal 
plane solar irradiance was 5.647 kWh m
-2 day
-1 (Fig. 3), and the annual average temperature 
was 24.4 degrees Celsius (Fig. 4). HOMER calculated energy balance calculations of the PV 
module incorporating climatic variables from the Chimoio station. The basic components of the 
simulated  PV  system  was  a  small  0.090  kWp  PV  module,  and  a  small  standard  maximum 
power point tracking control unit able to provide DC power from the modules maximum 137VOC 
and 1.1 A short-circuit current, on a simulated off-grid 12V DC bus. Fig. 5, 6, and 7 show the 
electrical energy simulation results at 5 minute intervals for January, monthly daily averages, 
and the monthly average, respectively. The total annual average output of the small PV module 
was slightly under 0.02 kW to provide an average total annual net production of 146 kWh (Fig. 
8). The simulated daily average available PV output is around 400 Wh, a useful amount of 
energy particularly for modern personal consumer devices requiring low-voltage DC power that 
have in-built storage, such as mobiles phones, laptops, and LED lighting. 
  
 
Fig. 3 Chimoio’s clearness index and horizontal plane solar irradiance data. 
 
 
 
 
Fig. 4 Chimoio’s monthly average temperature data. 
 
 
 
 
Fig. 5 PV array daily simulation results for January. 
 
  
 
Fig. 6 PV module daily max, high, mean, and low simulation results. 
 
 
 
Fig. 7 PV module simulated monthly average production for the simulated year. 
 
 
 
 
Fig. 8 PV module simulated annual production for all intervals in the simulated year. 
 The selected module angle was 20 degrees from the horizontal, the derating factor was 85%, 
and ground reflectance was 20%. The module ‘s effect of temperature was simulated with a 
temperature coefficient of power of -0.269% per degree Celsius, and a nominal operating cell 
temperature of 46 degrees Celsius, and an efficiency at STC of 6.3%. The performance of the 
PV  module  is  somewhat  simplified,  as  if  the  PV  module  continuously  tracked  on  the 
horizontal axis, the resulting increase in total annual output was 164 kWh. It is common that 
solar driers are adjusted in this manner to obtain the maximum available beam component of 
the solar irradiance. However, no influence of the increased operating temperature of the 
module was simulated when installed as a component of the solar drier. The expected loss is 
expected to be within 10%, as when a consistent annual ambient temperature of 60 degrees 
Celsius was arbitrarily selected, the annual total module output simulated dropped to 132 
kWh  from  146  kWh.  Therefore,  a  horizontally  tracked  module  with  a  higher  operating 
temperature  would  produce  an approximately  equivalent  level  of  output as  a  non-tracked 
module operating at ambient temperatures, although with slightly different daily output profile. 
 
 
Drying Results 
The experimental prototype drier (Fig. 9) was trialled using 1 kg of fresh ‘bird’s eye’ chillies 
yielding  a  visually  appealing  dried  product  within  24-36  hours  (Fig.  10).  Maximum 
temperatures internal to the dryer were observed during the process to be approximately 48 
degrees Celsius (Fig. 11) These initial promising results have led to the development of a 
second prototype (which will utilise an e-waste computer fan rather than the initial car radiator 
fan) which will be formally evaluated by Dr. Janet Howieson at Curtin University. 
 
 
 
Fig. 3 The solar thermal/PV chilli drier prototype. 
 
 
 
  
Fig. 10 Dried chillies produced in the prototype. 
 
 
 
 
Fig. 11 Internal maximum temperature of 48.6 C with outside temperature of 33 C. 
 Protective cropping using solar PV-powered cooling for charcoal mushroom houses 
 
Cooling Results 
The small-scale mushroom house powered by renewable energy  and built from materials 
locally  available  in  Mozambique  demonstrated  the  ability  to  successfully  provide  cooler 
temperatures on the interior of the mushroom house via evaporative cooling. This enables the 
expansion  of  mushroom  production  using  small-scale  structures  powered  by  renewable 
energy, with the size based on the combined available energy of the seasonal solar and wind 
resources available in the region. Traditional designs emphasize the use of prevailing winds, 
the modification using recycled car radiator fans powered by batteries recharged by Solar PV 
creates a reliably cooled environment in the absence of wind where the fans are controlled by 
thermostat and provide supplemental cooling. No quantitative results were taken, however 
optimisation  of  the  charcoal  size  and  water  consumption  will  be  required  under  ambient 
temperatures and humidity in Chimoio for the selected mushroom species. This also brings 
into question the availability of locally sustainable and safe production of charcoal.  
 
Considerations for charcoal production in Mozambique 
In  sub-Saharan  Africa,  biomass  is  primarily  used  in  unprocessed  form  and  in  traditional 
technologies for cooking 
10. In developing countries, traditional wood-fired technologies are 
very  inefficient  and  generate  unwanted  emissions  such  as  CO,  CH4,  NOx,  VOCs, 
particulates, and SOx 
11. Therefore, cooking is often undertaken using cleaner and easy to 
use charcoal fuels. It is estimated that around 40 million tonnes of biomass-derived charcoal 
is produced each year 
12,13. Charcoal is produced from pyrolysing a variety of plant and animal 
wastes (e.g. wood, manure, leaves, grass, grain trash, nut shells, sticks, bark, woodchips, 
combustible wastes), releasing relatively large amounts of gas and heat 
14,15,16,17. As plants 
remove  atmospheric  CO2  through  photosynthesis,  the  production  of  charcoal  essentially 
concentrates atmospheric CO2 
18,19. Controlled efficient charcoal production can retain around 
50% of the initial biomass carbon in the charcoal to create a product that contains around 50% 
carbon (on a dry basis) to approximately 85% carbon 
20.  
 
The  demand  for  wood  charcoal  has  largely  remained  constant,  or  increased  in  African 
countries, often simply because the low cost of wood outcompetes alternative sources of 
energy in terms of cost 
11,21. One of the major reasons that charcoal is produced is to reduce 
the weight of the wood fuel for transport, as it weighs 30-20% of the original weight after 
conversion 
19 (Fig. 12). However, charcoal production can be a major problem when large-
scale  inefficient  charcoal  production  occurs 
22.  Developing  countries  account  for  the 
overwhelming demand for wood charcoal that currently engenders a high environmental and 
health toll as it is often inefficiently produced, leading to high rates of forest loss, and high 
emissions of incomplete combustibles, and  the loss of much of the embodied energy and 
carbon 
21,23. Traditional charcoal production is commonly a major cause of deforestation, and 
a net greenhouse gas emission source 
13. However, existing modern and simple technologies 
can efficiently produce charcoal with little emissions 
22. Furthermore, in recent decades there 
are  billion-dollar  financial  markets  related  to  forestry  carbon  sequestration  activities 
presenting incentives to land owners in  developing  countries 
24. The ‘Reducing Emissions 
from  Deforestation  and  Forest  Degradation  in  Developing  Countries’  (the  UN-REDD 
Programme),  is  generating  much  interest  in  forest  management  activities  through  ‘non-
commodity’  market  mechanisms 
25.  Forestry  related  activities  in  developing  countries  are 
undertaken at a much lower cost per unit area than industrialised nations, and generate much 
needed  investment  and  jobs 
24.  Therefore,  with  additional  interest  in  forestry  plantations, 
there is a potential for a sustainable supply of wood from selective coppicing of particular tree 
species.  
 
  
 
Fig. 12: Local forest charcoal destined for the urban cooking fuel market in Tete, Mozambique. 
 
 
Discussion and Conclusions 
The semi-structured interviews with Vanduzi, as a representative commercial food company 
actively involved with smallholder farmers, demonstrates the potential commercial options to 
leverage agricultural capacity and productivity. Partnerships between multi-national mining 
companies and food companies, and the potential to engage smallholder farmers to provide 
cost-competitive  agricultural  produce  in  aggregate  with  off-take  agreements  are  a  major 
development opportunity in the region. If clusters of smallholder farmers are supported to 
supply  commercial  qualities  of  produce,  and  are  guaranteed  a  premium  price,  food 
companies are able to expand production with a lower level of risk via the off-takes. Produce 
unacceptable  to  the  premium  market  could  be  sold  in  the  local  market  by  smallholder 
farmers, although the additional production investment will likely result in less than a cost-
effective activity. However, when smallholders do not meet food company specifications, the 
project partners have demonstrated it is possible to introduce effective technologies that add 
value  to  some  produce,  providing  further  opportunities  to  smallholders.  For  example,  the 
fresh ripe chillies unsuitable for the export market, are suitable for conventional solar drying, 
and subsequently can be exported or procured by large entities locally at a premium price to 
the smallholder. The drier proved to be an effective post-harvest technology that can increase 
the  smallholder’s  ability  to  add  value  to  red  ripe  chillies  that  would  not  meet  the  strict 
standards of international export. This also enables the smallholder to effectively store their 
produce, rather than sell on the local market before the products spoils, and an ability to 
command better prices.  
 
The simple substitution of a conventional drier’s glass top with a relatively inexpensive semi-
transparent PV module can provide additional benefits to the smallholder in Mozambique, 
particularly  in  the  majority  of  the  country  with  no  access  to  electricity.  This  research 
demonstrated  that  the  single  semi-transparent  PV  module  output  could  provide  sufficient 
electrical energy to supply an average household with their basic electrical needs in rural 
Mozambique. The project partners recommend a focus on the present need for smaller, more 
appropriate small-scale mechanisation options that are suited to the region and the socio-
economic context  to  increase  producer  productivity.  The  qualitative  analysis  of  the  small-
scale mushroom house demonstrated the ability to provide cooler temperatures suitable for 
local mushroom production. The size of the small mushroom house can be customised based 
on the aggregated seasonal solar and wind resources. The renewable energy-powered fan 
and the local wind resource provided sufficient cooling to enable a sustainable option for the 
expansion of mushroom production in Chimoio, Mozambique, despite the seasonally warm 
conditions.    
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 12. Research  Topic  3:  Co-production  of  high-protein  feed  and  bio-oil  for  poultry  protein 
productivity  and  fuel  switching  in  Mozambique:  avoiding  transesterification  and  food 
insecurity. 
 
Abstract 
This research used semi-structured interviews to explore current options to expand village 
poultry production in Mozambique as a consequence of successful control of communicable 
diseases,  such  as  Newcastle  Disease  (ND).  The  project  aimed  to  increase  poultry 
productivity following the post-control of ND and other diseases, by assessing co-production 
of edible oils and high protein poultry feeds. The production of oil was analysed from the 
perspective of a suitable fuel without the need for transesterification to produce biodiesel. The 
research included a semi-structured interview with poultry production and ND specialists, and 
their perspective on what has become the limiting factors in village chicken production. The 
report considers a range of feedstock issues that must be considered when looking into co-
producing vegetable oil as a fuel and high protein animal feed. Technical considerations of 
the direct use of vegetable oil in diesel engines and oil conversion to biodiesel are contrasted 
to identify more suitable options for additional mechanisation options for smallholder farmers. 
Potential  synergies  with  PPPs  between  smallholders,  intermediate  food  production 
companies, and public institutions to assist introduction of new mechanisation options are 
also considered. 
 
Introduction 
This project seeks to investigate wider commercial development opportunities, including food 
security from local smallholder commercial co-production of biofuel and high protein fodders 
within a collaborative mechanisation PPP context. A producers’ capacity to purchase modern 
inputs is co-dependent on a households’ land holdings, human capital, labour availability 
1, and 
it is less common for subsistence farmers to purchase agricultural inputs to improve overall 
productivity,  so  production  drops  to  basic  domestic  subsistence  rather  than  commercial 
production and sales 
2. As a consequence, the volume of production is well below the threshold 
to  justify  modern  technology  (for  example,  transport),  and  with  a  limited  availability  of 
appropriate  inputs,  such  as  fertilisers,  out-dated  production  methods remain  in  use 
3,4.  The 
associated  yield  and  income gap  between subsistence  farming  and  commercial  agricultural 
production exists primarily due to the relatively high costs of modern inputs and their associated 
complexity of use, and lower returns from increased production of commercially low-value crops 
5. Compounding the spiral into poverty is the misplaced emphasis on understanding agriculture 
as a stand-alone industry on the African development agenda, instead of within the context of 
larger  economic  drivers  such  as,  flows  of  labour,  capital  investment,  and  product  transfer 
between urban and rural areas 
6. Agriculture-specific input, credit, market support mechanisms, 
and subsidy programmes are often very costly and are unsustained 
3. Therefore, it is necessary 
to gather a wider scope of rural development-related information, involving local appraisals, and 
undertake  detailed  analyses  outside  of  traditional  agricultural  supply  chains  to  avoid 
implementing  inappropriate  strategies  and  systems 
7.  The  introduction  of  new  farming 
technology  and  knowledge  without  a  thorough  understanding  of  the  social  and  economic 
context is problematic, and a greater level of stakeholder engagement is required at all levels 
6. 
As an example, while agriculture accounts for 70% of African countries’ total employment and 
65% of whom are women 
8, women often remain excluded from consultation and decision-
making.  Widening  the  level  of  stakeholder  engagement  may  involve  active  processes  of 
providing new information, consultation, direct involvement, collaborations, and empowerment, 
and depend on the specific areas of risks and opportunities involved 
9. 
 
Superficial  understanding  of  how  to  support  locally  appropriate  agricultural  development 
activities  commonly  introduces  false  dichotomies  between  public  and  private  interests.  For 
example, elements of the ‘bioenergy vs food security’ debate have been presented as in direct 
competition for inputs and land, rather than from a co-dependent rural development perspective 
10. Modern biofuel facilities generally take place near good infrastructure, service centres, areas 
with processing and storage facilities, and a skilled labour force 
11. In general, the present poor 
transport infrastructure in many regional areas limit both the potentially positive and negative impacts  of  bioenergy  developments  on  food  insecurity,  poverty,  and  lands,  and  is  highly 
variable  at  the  local  level,  which  are  also  limited  by  crop  species,  land  use,  technologies 
employed,  and  supply  chain  specificity  for  the  agricultural  system 
10.  The  investigation  of 
interrelationships  between  food  security,  and  local  smallholder  commercial  co-production  of 
biofuel,  edible  oils,  and  high  protein  fodders  was  an  unexpected  outcome  of  this  research 
project. 
 
Background and Interview Results (Dr Rosa Costa, Kyeema Foundation, Mozambique) 
The  Kyeema  Foundation  office  in  Maputo,  Mozambique  focusses  on  poultry  disease 
prevention  and  production  development.  The  project  partners  sought  discussions  with  Dr 
Rosa Costa, the Regional Manager of the Kyeema Foundation, through recommendations 
from Dr Robyn Alders, a board member of the Kyeema Foundation living in Australia). The 
project partners met with Dr Rosa Costa, who has been working with Dr Robyn Alder since 
1996. Dr Costa ran the research institute that administered the thermostable vaccine project 
to combat Newcastle Disease (ND) in sub-Saharan Africa, a devastating condition that can 
kill between 50-80% of chickens infected. The Kyeema Foundation are at present working in 
Sofala,  Gaza,  Zambezia,  and  Napula  provinces  in  Mozambique  with  local  village  chicken 
owners,  and  also  work  with  NGOs.  The  community-based  ND  control  programs  improve 
livelihoods of people by improving chicken heath and survival on which they depend as a 
subsistence and cash generating activity. 
 
Dr Costa stated that in the Gaza province, Kyeema are presently trying to organise farmer 
organisations to bring their eggs to the village for sale to provide a level of scale to buyers. 
The focus is  on training vaccinators, and extension  activities. In Tete, in 2012 there  was 
training of the extension officers, and they were supplied with the vaccination materials, and 
now  they  are  administering  the  vaccination  campaigns.  The  Kyeema  Foundation’s  ND 
program has subsequently expanded into Zambezia and Napula provinces. The foundation 
has generated substantial descriptive information and recorded data regarding ND, village 
chickens,  and  the  wider  social  and  economic  implications  in  these  regions.  In  summary, 
around 97% of the families in the villages have chickens. Average villages would contain 
between 400 and 1,000 families per village. These families will be able to sell around 18 to 20 
eggs each month. This is a major source of income in the region, particularly for the women 
in the village, who generally own and maintain the chickens.  
 
In  the  interview,  Dr  Costa  also  discussed  the  post-harvest  processing  needs  of  village 
chicken owners. “There are no system to clean, disinfect, or for quality control of the eggs 
produced in these regions. For example, there is very limited candling of eggs.” Dr Costa also 
discussed  the  very  clear  economic  reasons  for  this,  as  the  additional  effort  invested  in 
cleaning, disinfecting, and quality control was not going to result in higher price. “The villagers 
are  so  price  sensitive  that  there  is  practically  zero  demand  for  eggs  with  a  higher price, 
regardless  of  any  other  characteristic  or  benefit.”  When  asked  is  their  opportunities  to 
introduce new energy technologies into the production system, Dr Costa clarified that while 
many  technologies  are  available,  they  can  be  expensive  and  not  fit  within  the  practical 
necessities of the villagers. She noted that many energy technologies are being introduced, 
but for social and charitable reasons, rather than underpinning agricultural production system 
productivity. 
 
Interestingly, Dr. Costa discussed that with the success in ND inoculation programs, there is 
a growing population of village chickens, and that a major limitation in these provinces is the 
lack  of  a  suitable  and  cost-effective  high-protein  feed.  She  noted  that  this  is  a  major 
opportunity to improve the lives of people in these provinces. At present, they are looking at 
conventional feeds such as cowpea, and Moringa oleifera (drumstick tree) as high-protein 
multi-purpose fodder species that can also provide building materials and energy services 
such  as  firewood.  Dr  Costa  explained  that  high  protein  commercial  feeds  are  largely 
unavailable in these regions, and in any case are too expensive for the villagers to purchase. 
Villagers sometimes have to travel large distances to source appropriate feeds, and must 
process them so they are suitable for the chickens to eat, requiring much time and energy. The village chickens are also vulnerable to being killed an eaten by various pests, which 
prevent them from venturing too far from the village. Therefore, in addition to being cheap 
and cost-effective, any new chicken feed must be high-quality and energy dense to reduce 
transport requirements back to the village, or be produced locally to reduce the already high 
physical burdens on villagers who own chicken, commonly the village women.  
 
The project partners were intrigued with the parallels between the local requirement of high-
protein and energy dense feeds for poultry farmers noted by Dr Costa, and the interesting 
findings discussed of the AgDevCo representatives in relation to ‘straight vegetable oil’ (SVO) 
displacing biodiesel in the extractive industries. The AgDevCo representatives mentioned that 
the  large  demand  for  edible  vegetable  oils  in  the  region  for  human  consumption  can  be 
supplied by the same oil seeds that can be used to produce SVO for mining equipment. If 
larger-scale commercial production of oil seeds occurs in the region, then this might lower the 
currently high cost of edible oils, and benefits will flow onto the local food market, bolstered 
by investment focussed on a new local supply of SVO. However, if this scenario plays out, 
the  larger-scale  edible  oil  production  will  also  increase  the  availability  of  oil  byproducts, 
including  high-protein,  energy  dense  biomass (commonly  known  as  meal),  which  is  often 
suitable as animal/human feed/food. By using biomass feedstock that is edible, as opposed 
to  oils  derived  from  Jatropha  for  example,  a  commercial  supply  of  suitable  poultry/other 
animal/human feed/food may occur as a consequence of new SVO production investment, 
underpinned by commercial supply chains needing  a diesel alternative to lower local fuel 
costs.  The  project  partners  also  suggest  caution  in  how  this  theoretical  supply  chain 
development  may  play  out  in  practice,  particularly  concerning  land  allocations,  and  the 
complete  supply  chain  requires  further  exploration  to  ensure  negative  externalities  are 
minimal  and  positive  externalities  are  leveraged.  Yet,  in  terms  of  potential  positive 
externalities,  decreasing  local  fuel  (and  as  a  consequence  animal  feed  costs)  through 
increasing production of edible oils suitable for SVO in extractive industry machinery (and the 
food market) is likely to require investment in agricultural mechanisation and local oil seed 
productivity. If smallholder farmers can also play a role within this context, they are likely to 
capture benefits from partnering with suitable commercial players using the PPP model of 
guaranteed off-take supported by the keystone extractive industry investment in SVO, and 
through enabling organisations providing investment in agricultural mechanisation extension 
and  capacity  on  a  sustained  commercial  basis.  This  example  demonstrates  the  unique 
perspective of how food and fuel security is related in subsistence farming communities, as in 
the  case  of  both,  it  is  the  net  energy  produced  locally  that  is  important.  As  subsistence 
farming requires a large amount of human manual labour, the energy-intensive diet required 
to  maintain  this  output  may  be  more  efficiently  allocated  to  biofuel-enabled  labour-saving 
devices or other alternative energy inputs to increase net food security in a region. However, 
each region, subsistence production system, mechanisation option technical efficiencies, the 
net  impact  on  the  local  food  availability  and  price,  etc.,  require  a  high  level  of  ongoing 
analysis. 
 
Potential options for smallholder mechanisation for productivity and fuel/food security 
In areas with low food security, consideration of total net energy expenditures for agricultural 
producers  is  a  fundamental  area  of  research  need.  Without  mechanisation,  much  of  the 
energy input into agricultural production systems is manual labour. This labour is ‘bioenergy’ 
at  it  is  most  basic,  and  can  be  measured  in  terms  of  energy  output  akin  to  mechanical 
equipment. The basal metabolic rate of a human adult is generally under 100 Watts, and is 
the minimum amount of energy required to keep all body parts functioning. Activities when 
not  at  rest  require  additional  energy.  A  person's  peak  Watts  is  the  maximum  amount  of 
energy that can be produced physically at any one time. For example, riding a push bike a 
long distance at around 20 km/hr (a medium level activity) will use on average around 100 
Watts of energy in addition to the basal metabolic rate consumption. In comparison, jogging 
or  riding  up  a  steep  hill  can  require  around  300  or  more  Watts  above  the  minimum, 
depending on the fitness and strength of the individual. At the extreme, the amount of energy 
a trained professional sprinter can produce can be between 1,000 and 2,000 Watts, which is an  enormously  demanding  activity.  Most  of  these  high  peak  Watt  activities  can  only  be 
sustained for a few seconds at most. 
 
In terms of traditional agricultural applications, the use of both human and other animal power 
have been the staple energy supply for millennia, and until recently the most common energy 
input  in  agriculture.  Using  additional  forms  of  mechanised  energy  in  parallel  with  human 
power essentially increases the amount of energy that a person can deliver to complete a 
task faster, or extend the activity for a longer period of time. In very demanding tasks, using 
additional  energy  from  motors  and  machines  is  an  essential  and  much  safer  means  to 
complete such tasks. Outside of traditional labour-saving devices such as hand hoes and 
wheeled carts, and more traditional engines and motors, new, small, efficient, and cheaper 
consumer  electric-assist  gardening  technologies  can  be  reapplied  within  traditional 
agricultural  applications  to  enable  greater  exploration  into  mechanisation.  This  area  of 
exploration  is  most  promising  in  areas  where  large  industrial  agriculture  production 
technologies  are  relatively  uncommon.  Research  is  required  to  ascertain  if  existing 
technologies  are  technically  and  financially  appropriate,  and  can  be  understood  as  a 
traditional  step  from  smallholder  to  commercial  agriculture.  However,  the  addition  of  new 
technologies also require accessible fuels and energy supplies, potentially renewable energy 
generation technologies and/or biofuels to supply the input energy to electric assist or motor 
devices. As the majority of the sub-Saharan population have no access to convenient, safe, 
healthy, and affordable energy services 
12,13, smallholder mechanisation will require detailed 
on-site  analyses  to  explore  how  these  new  technologies  are,  or  are  not,  technically 
appropriate and cost-effective in specific socio-economic and agricultural production systems, 
and if the input energy supply chains are appropriate.  
 
Expanding the discussion away from biofuels and into renewable electricity systems, new 
developments in small-scale PV-based technology for use in agricultural production systems 
with build in redundancy that can be used for additional applications (such as night lighting or 
information  and  communications  devices)  is  a  growing  area  of  interest.  Such  cross-
subsidised new energy technology and system dissemination and adoption requires a range 
of supporting activities outside of simply basic technical research. However, it is important to 
view these developments within the context of energy supply chains, existing and new donor 
agency  engagement,  government  policy,  manufacturer  requirements,  rural  entrepreneurial 
activity, householder needs, local technical support availability, NGO involvement, community 
group activity, energy utility company presence, and various financial institutional capacity in 
the region, etc. 
14. In a similar manner to agricultural supply chains, there is growing interest 
in  support  for  clean  energy  enterprise  development  where  system  manufacturing, 
dissemination,  commissioning,  application,  and  servicing  occurs  at  the  local  level.  This 
enables local businesses to develop on the back of a new clean energy technical solution 
13. 
It is clear that renewable energy programmes also require an early involvement of specialist 
researchers, technical specialists, and local training elements, and a commercial supply chain 
approach 
15.  
 
In practice, renewable energy system programmes and technologies often have a chequered 
history  of  generating  unrealistic  expectations  with  optimistic  expected  outcomes  and  high 
costs 
14,16, commonly associated with zero product testing prior to their introduction 
17. It is 
known that a renewable energy partnering approach from an ‘investment perspective’, rather 
than solely a ‘development’ or ‘donor’ focus, is more effective than simple donations of new 
capital 
15,17,18.  Therefore,  researchers,  industry,  and  development  agencies  need  to  take  a 
collaborative approach in such programmes and focus on private/business concerns regarding 
energy  services  and  technologies  in  terms  of  system  technical  performance,  robustness, 
commercial viability, and community acceptability 
18,19. Importantly, donating renewable energy 
systems and mechanisation technologies without any cost recovery extinguishes local small-
scale  markets,  and  even  inappropriate  subsidies  can  undermine  local  entrepreneurship, 
private businesses, and employment 
14,20. 
 Within this broad supply-chain context, project partners sought to define the additional high-
protein feed needs of the village chicken sector, and explore further economic development 
options  based  on  increasing  local  energy  production.  The  local  production  of  energy  (for 
example  from  edible  oil  crops),  provides  energy  for  both  people  and  mechanisation 
technologies, and these activities accelerate the existing production and user base of both 
fuels  and  agricultural  production.  SVO  use  in  diesel  engines  is  particularly  relevant  in 
communities  that  are  based  around  subsistence  agriculture,  as  the  capacity  to  produce 
biofuels to international standards are likely unavailable, and the required technical training 
and  education  requirements  prohibitively  impractical  for  the  near  future.  However,  project 
partners believe that the use of simple technologies to co-produce vegetable oils for both 
human  and  mechanisation  needs,  with  high  protein  feed  production  from  the  bybroduct 
wastes is a major opportunity in the region. 
 
Appropriate options for high protein feed and biofuel feedstocks 
 
Edible vegetable oil for food and biofuels with animal feed co-products  
Over the last 110 years vegetable oils and their derivatives have been used as liquid fuels in 
diesel engines. Vegetable oil use is more common in remote locations where fossil diesel is 
unavailable, or at times when it is prohibitively expensive. However, in more recent years the 
use of vegetable oil and more specifically the vegetable oil derivative, biodiesel, has become 
widespread due to concerns related to energy security and climate change. This brief report 
reviews the direct use of vegetable oil in diesel engines for agricultural applications in sub-
Saharan Africa.  
 
Background 
The first use of vegetable oil in a diesel engine can be traced to its inventor, Rudolf Diesel, 
who reported a trial of peanut oil in the diesel engine that was conducted by the French Otto 
company  under  the  impetus  of  the  French  government.  Diesel  explained  that  the  French 
government’s interest in peanut oil was energy self-sufficiency in their African colonies. In-
spite  of  this  initial  interest  the  abundance  and  low  cost  of  petro-diesel  has  ensured  that 
historically the diesel engine has almost exclusively been powered by fossil fuels. However, 
with the petro-diesel price increasing, one of Diesel’s remarks was somewhat prophetical: 
‘[vegetable oils] make it certain that motor-power can still be produced from the heat of the 
sun which is always available for agricultural purposes, even when all our natural stores of 
solid and liquid fuels are exhausted’ 
21f. 
 
Before  the  1980s,  the  use  of  vegetable  oils  and  their  derivatives  in  diesel  engines  only 
occurred when fossil fuel supplies were severely threatened or in remote locations where 
diesel was expensive or unavailable 
23. Despite their limited use, many different types of oils 
and oil derivatives were trialled in diesel engines, generally providing satisfactory results 
22. 
The interest in vegetable oils as fuels rapidly accelerated in the late 1970’s during the OPEC
g 
oil embargo. This culminated in a 1982 ASAE
h organised conference entitled ‘Vegetable oil 
Fuels’ 
23. The majority of papers at this conference covered the use of vegetable oils as fuels 
while  a  few  examined  the  alkyl  ester  products  of  oil  transesterification
i  as  diesel  fuel 
substitutes. According to Van Gerpen 
23 the general consensus from this conference was that 
while unrefined vegetable oils showed promise ‘they had a tendency to cause injector coking, 
polymerisation  in  the  piston  ring  belt  area  causing  stuck  or  broken  piston  rings,  and  a 
tendency to thicken lubricating oil causing sudden and catastrophic failure of the rod and/or 
crankshaft bearings.’ This is confirmed in various other studies, for example that of Srivastava 
et al., 
24. In response to these problems it was seen that the greatest need was to find a 
method  for  reducing  the  viscosity  of  the  oil  and  its  tendency  to  polymerise.  The  most 
                                                 
f As quoted in 
22. 
g OPEC – Organisation of Petroleum Exporting Countries. 
h ASAE, now ASABE – American Society of Agricultural and Biological Engineers. 
i The reaction used to convert triglycerides (oil) into Fatty Acid Methyl Esters (Biodiesel). promising of these methods was the transesterification of vegetable oil to produce Fatty Acid 
Methyl Esters, which when refined are called biodiesel. 
 
Commercial development of biodiesel initially took place in Austria, starting in 1989 with the 
development of the transesterification process and consequent use in farm cooperatives 
25. 
These  plants  used  rapeseed  oil  as  the  feedstock  for  alkyl  ester  (biodiesel)  production  – 
ultimately leading to large scale plants being constructed over the next 15 years firstly in 
Austria, Europe, USA and the rest of the World. Initially, biodiesel was produced from virgin 
vegetable oils especially soybean (America), Rapeseed (Europe) and Palm (Asia), however, 
increasing vegetable oil prices has resulted in a shift to new crops, tallow, used cooking oil, 
trap  grease  and  other  low  cost  feedstock  sources.  Although  many  focus  on  the  engine 
technology or the conversion process from oil to biodiesel, the major issues is almost always 
the cost-effective and practical supply of sufficient feedstock. History has repeatedly shown 
that a reliably available, appropriately priced source of vegetable oil is the foundation for any 
successful program where vegetable oil is used as fuel. The following section provides detail 
on key feedstock considerations for any biofuel program.  
 
Vegetable Oil 
Vegetable oils are currently sourced from a wide range of terrestrial crops that are typically 
grown  on  arable  farmland.  These  sources  of  oil  have  traditionally  been  grown  as  a  food 
source, however, with the growing market penetration of biodiesel, they are now in demand 
as a biofuel. Other sources of triglycerides include animal fats, which are generally produced 
as a by-product of the rendering process, and oils from microalgae, however, the latter is not 
yet considered commercially feasible. When considering a crop for suitability as a vegetable 
oil source for diesel engines, the most important consideration is yield: How many tonnes of 
oil can be produced per hectare of land. Although this is critical, others factor must also be 
considered: 
·  Value of by-products 
·  Water use efficiency 
·  Drought tolerance 
·  Ease of harvesting 
·  Time for plants to reach maturity 
·  Suitability with current agricultural systems 
·  Nutrient use efficiency  
 
Typical yields for vegetable oils are shown in Table 1. However, yields are highly dependent 
on  cultivar  strength,  available  rainfall,  climate,  nutrient  availability, and  soil  quality.  As  an 
indication consider palm oil, where  some new palm plantations can produce oil yields of 
between 8000-10,000 L/ha, while older plantations will struggle to produce 3,000 L/ha. The 
high yield of the oil palm relative to other crops also demonstrates why this crop has been so 
popular in Asian nations. On the other hand, in the case of soybeans (another widely grown 
crop)  the  oil  is  the  by-product  from  protein  production  for  both  human  and  animal  feed. 
Rapeseed  or  canola,  is  different  again,  with  a  reasonable  oil  yield  coupled  with  valuable 
protein in the meal making it an attractive crop in temperate climates.  
 
Table 1 Average yields for different crops (First seven from 
6, others as marked). 
 
Crop  Yield 
Oil Palm  4,500 L/ha 
Coconut  2,151 L/ha 
Rapeseed  1,200 L/ha 
Sunflower   1,000 L/ha 
Soybean  600 L/ha 
Peanut  842 L/ha Castor  800 L/ha 
Jatropha 
j  1,700 L/ha 
Pongamia
k  2,900 L/ha 
Microalgae
l  22,000 L/yr 
 
New crops like Pongamia and Jatropha have received significant attention because of the 
following positive attributes: 
·  High yields with potential up to 5,000 L/ha technically feasible 
·  Both plants are legumes and are thus can fix nitrogen to the soil 
·  Both  plants  have  fatty  acid  profiles  that  are  high  in  oleic  acid  which  is  ideal  for 
biodiesel production 
·  Both plants produce hulls  that can be used for bioenergy and protein  which  has 
potential for animal feed 
·  Both plants are perennials that allow for the potential of intercropping vegetables on 
the same land 
·  Both plants can survive in harsh conditions and poor soil 
 
The major disadvantage of these crops is that the meal or seedcake (left over after pressing) 
contains  compounds  that  are  toxic or taste  bitter making  it  difficult to  use the protein  for 
animal feed. Furthermore, both crops have only recently received the interest of agricultural 
scientists, and as a result both cultivar properties and plantation management practices are 
relatively  undeveloped.  Although  microalgae  has  the  highest  yield  and  can  be  grown  on 
barren land using saltwater, it is currently uneconomic to produce oil from these organisms. 
The simple reason being that the cost of production of algal biomass is between US$4-10/kg 
which leads to an oil cost of between $12 and $30 per litre.  
 
Production of vegetable oils 
Vegetable oil production steps are simply summarised in Fig. 1, and can occur at the farm 
scale, at a farm cooperative level, or at a central processing site. At each of these three 
scales, the oil extraction efficiency and product quality increase with the increasing capital 
expenditure and economics of scale. Seed pressing can also be replaced or supplemented 
with  solvent  extraction  to  maximise  oil  yield,  while  pre-processing  and  post-processing 
operations after milling will depend strongly on the crop grown and the intended market for 
the oil and meal. Having produced the oil, the oil can either be directly used in diesel engines 
with some modification, or chemically/physically modified so that it can be used in standard 
diesel engines.  
 
 
Fig. 1 Vegetable oil production system. 
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Vegetable Oil in Diesel Engines 
Vegetable  oils  have  been  used  to  directly  fuel  diesel  engines  in  numerous  applications. 
Currently, the major users of vegetable oil in diesel engines are: 
·  Straight coconut oil and coconut oil blends with diesel or kerosene in cars and power 
generation, especially in Vanuatu and other pacific islands 
30. 
·  Palm oil for utility scale power generation in Europe and Asia 
m. 
·  Rapeseed/canola oil for cars in Europe 
31. 
 
Although it is true that almost all diesel engines will run on vegetable oil, the key question is 
how long they will continue to run due to the differences between vegetable oil and diesel 
10. 
The major issues associated with using vegetable oil in standard diesel engines are: 
·  High viscosity causing  incomplete combustion and subsequent coking of injector, 
valve, manifolds and piston rings 
·  Passing of the vegetable oil past the piston rings into the lubrication oil 
·  Overpressure in the injector pump causing failure 
·  Impurities in the vegetable oil causing filter/injector blockage 
·  Cleaning effect of the vegetable oil in tank causing filter blockage 
·  Solidification of the vegetable oil when temperatures fall  
 
To solve these issues, the following methods have been used: 
1.  Mixing with a thinning agent to create an emulsion with lower viscosity and better 
combustion properties. Thinning agents can be kerosene, diesel and various other 
organic solvents 
2.  Operate  the  engine  with  a  ‘two  tank  system’  in  which  the  engine  is  started  and 
operated  on  diesel  until  it  reaches  operating  temperature  at  which  point  the  fuel 
supply  is  switched  to  vegetable  oil  that  has  been  heated  by  the  engine  coolant. 
When the engine is shut off it is also run on diesel to prevent any issues on start-up 
3.  Modification of the engine with new injectors, increased injection pressure, vegetable 
oil heaters and better filtration.  
 
The last two methods have met with the most success as they reliably solve the cause of the 
issues listed previously.  
 
Engine types 
The  third  method  has  been  adapted  by  many  modern  engine  users,  as  current  injection 
systems have little tolerance for the different properties of vegetable oil. Older engines using 
indirect injection technology and different combustion system designs are less affected, as 
they were designed in an era when fuel quality was much less predictable then it is today. 
These engines are still being produced in China and India, and can run on vegetable oil 
without any modification. Two examples of engines in this category are the Lister and the 
Changfa, which are essentially copies of antiquated engines designs that have proven their 
mettle  throughout  the  last  century.  Their  simple  and  antiquated  design  has  proven  very 
effective for use as vegetable oil fuelled engines 
30. They are also well suited to agricultural 
duties such as pumping.  
 
Oil Properties 
Another consideration when using vegetable oil directly in diesel engines is the properties of 
the vegetable oil. These properties are almost solely determined by the fatty acid profile of 
the oil, with the key properties being chain length and level of saturation. Chain length refers 
to the amount of carbons in a fatty acid, while saturation refers to the quantity of double 
bonds, with unsaturated oil having one or more double bonds. The general effect of these two 
qualities on fuel characteristics is shown in Fig. 2.  
 
                                                 
m http://www.mbh.de/PressDetails.asp?id=50   
Fig. 2 Effect of chain length and level of saturation on fuel properties 
12. 
 
 
Fig.  2  demonstrates  that  vegetable  oils  with  high  levels  of  unsaturation  (e.g. soybean  or 
poppy seed oil) are unsuited for use in diesel engines because they polymerise and have low 
oxidative stability. On the other hand, oils that are high in saturation and have low carbon 
chain lengths (e.g.: coconut oil) are ideal for engines as they tend to not polymerise or oxidise 
and  have  reasonable  cold  flow  properties  because  of  the  short  chain  length.  Table  2 
compares  the  fatty  acids  of  rapeseed  and  palm  oil,  which  are  commonly  used  in  diesel 
engines. Palm oil is an excellent engine fuel because of the high level of palmitic (saturated) 
fatty  acid,  with  the  only  negative  being  the  corresponding  high  melting  point  of  the  oil. 
Rapeseed, which is used extensively throughout Europe is very high in oleic acid (mono-
unsaturated) and has a good balance of cold flow properties, combustion properties and a 
reasonably low tendency to polymerise. The fatty acid profile is a critical characteristic of any 
oil being considered for use in diesel engines and should play a major role in the choice of 
feedstock for diesel engines in African agricultural systems. 
 
 
Table 2 Fatty acid profiles of two vegetable oils. 
 
Fatty Acid  C:N
n  Rapeseed Oil
o %  Palm Oil
p % 
Lauric  C12:0  0  0.4 
Myristic  C14:0  0  1.1 
Palmitic  C16:0  4  43.8 
Palmitoleic  C16:1  0  0.1 
Stearic  C18:0  1  4.4 
Oleic  C18:1  60  39.90 
Linoleic  C18:2  25  9.6 
Linolenic  C18:3  9  0.2 
Others    1  0.5 
 
 
Biodiesel from Coconut oil 
Due to the difficulties associated with modifying multiple engines so that they can use SVO, it 
has become the norm to convert the vegetable oil to biodiesel via chemical means. Biodiesel 
has a viscosity that is 1/10 that of vegetable oil and has very similar properties to petro-
diesel. Most diesel engines can use straight biodiesel or a biodiesel/diesel mix with little or no 
modification. Vegetable oil can be converted to biodiesel using a chemical process that is 
based on the transesterification reaction shown in Fig. 3. In this reaction, vegetable oils or 
                                                 
n Number of carbons in the fatty acid chain : Number of double bonds 
o Low Erucic acid p11 
13 
p  
14 
Longer Chains 
Higher calorific value (increased 
energy content) 
 
 
Increasing Saturation 
Improved engine performance (higher cetane 
number), good oxidative stability and low 
tendency to polymerise (lower iodine value) 
Shorter Chains 
Emissions are improved and the oil is 
liquid to lower temperatures 
Increasing Un-saturation 
The oil stays liquid to cooler 
temperatures animal  fats  (triglycerides)  are  converted  into  fatty  acid  methyl  esters  (FAME).  Upon 
purification to fuel standards such as EN 14214 (Europe) and ASTM 6751 (America), the 
FAME are known as biodiesel. The transesterification reaction involves the stepwise removal 
of fatty acids from the glycerol backbone of the triglyceride; these fatty acids then react with 
methanol to produce FAME. The stoichiometry of this reaction is 3 molecules of methanol for 
every molecule of triglyceride to produce 3 molecules of FAME and 1 molecule of glycerol. 
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Fig. 3 Simplified transesterification reaction. 
 
Although  the  transesterification  reaction  is  relatively  straightforward,  the  production  of 
biodiesel requires multiple processing steps as shown in Fig. 4. A large range of biodiesel 
production  systems  are  commercially  available,  however,  all  of  them  use  the 
transesterification reaction and the variation lies in the pre-treatment and post-processing unit 
operations,  and  sometimes  the  type  of  catalyst  used  in  the  chemical  reactor.  The  major 
advantage of biodiesel is that it can be produced at any scale from small batches of 50 L to 
continuous production producing in excess of 280,000,000 L/yr. The major disadvantage with 
biodiesel  is  that  the  process  requires  chemical  inputs  (methanol  and  catalyst-potassium 
hydroxide or sodium methylate), requiring transportation to the production site. Furthermore, 
the process is relatively complex in comparison to typical agricultural operations, requiring 
multiple processing steps, and quality control on the feedstock and final product to ensure 
reliable production of high quality biodiesel.  
 
Some key metrics to be considered for biodiesel production 
32: 
·  The cost of converting vegetable oil to biodiesel is typically US20-25 c/L, in addition 
to the feedstock cost. (However, this depends on the delivered cost of methanol and 
catalyst, as well as the cost of labour and energy) 
·  The methanol volume required is typically 11% of the desired biodiesel volume 
·  The catalyst required is typically 0.8% by weight of the biodiesel produced  
·  1 L of biodiesel requires 1 L of oil.  
 
  
 
Fig. 4 Biodiesel production 
12. 
 
 
Comparison and Conclusion 
There are two common approaches for using vegetable oil as a liquid energy carrier, the first 
is modification of the engines to use the fuel, and the second is modification of the fuel to suit 
engines. In simple terms, more energy and expense can be spent on modifying the fuel so it 
can be more easily used in a wider range of equipment, or the oil can be used directly in a 
limited  range  of  equipment  that  is  suitably  modified.  History  has  shown  that  as  societies 
develop the trend is toward fuel sources that are further refined and standardised, so that 
they can be used with ease in the widest range of equipment possible. This can be seen in 
the move in western society from wood to coal, to oil, and subsequently to petrol, diesel, and 
other widely available petroleum products. There are large benefits from being able to build 
an engine in Europe, ship it around the world and use it in Africa, and expect consistent 
performance because the fuel in both locations meets a high standard.  
 
With this in mind, it is clear sub-Saharan African nations should ultimately aim towards the 
development  of  vegetable  oil  derived  fuels  that  can  be  used  in  existing  equipment  and 
infrastructure. However, in specific areas and applications, the advantages for the direct use 
of SVO in diesel engines suggest that this should be the focus point for current efforts (Table 
3). Project partners recommend further development work should focus on the production 
and use of SVO oil in suitable agriculture mechanical equipment, as this may provide an 
effective foundation for further economic development.  
Oil Pre-
treatment 
Refined Vegetable Oil 
Crude Oil 
Used Oils/Animal fats 
Methanolysis 
60°C, 1-2 bar 
Catalyst 
Prep. 
Methanol 
NaOH, KOH 
or NaOCH3  
Methanol 
Removal 
Acidulation and 
Separation 
Neutralisation 
and Water 
Washing 
Vacuum 
Distillation 
Methanol 
Removal 
Wash 
water 
Biodiesel 
Methanol 
Rectification 
Water 
Water 
Acid 
FFA 
Glycerol 
(50%) 
Crude glycerol (80-
88%) 
Product Refinement 
Reaction/ 
Separation 
Oil  
Pre-treatment 
FAME 
Water 
Evaporation  
Table 3 Comparison of different approaches for using vegetable oil in diesel engines. 
 
Advantages  Disadvantages 
Direct use of Vegetable Oil in Diesel Engines 
 
Limited processing required 
 
Potential damage to engines 
 
No inputs required  
 
Concepts within capacity of 
subsistence farmers 
 
Limited range of equipment with 
suitable engines  
 
Engines need to be modified 
 
Conversion of Vegetable Oil to Biodiesel 
 
Biodiesel can be used in a large 
range of diesel engines without 
modification  
 
Reliability of engine is increased 
relative to direct vegetable oil 
use 
 
Chemical and explosion 
hazards associated with 
processing  
 
Comprehensive quality 
assurance required  
 
Chemical inputs required 
  Complicated production process 
 
Increased cost of fuel due to 
processing 
 
 
 
Economic development generally increases total agricultural biomass production, and it has 
been demonstrated that it can both ‘feed’ and ‘fuel’ nations. As this development trajectory 
accelerates,  the  existing  production  and  user  base  will  reach  suitable  scale  for  the  local 
development  of  biodiesel  and  other  ‘drop  in’  vegetable  oil  derivatives.  However,  project 
partners  explored  the  wider  implications  of  SVO,  and  its  relevance  to  smallholder  and 
subsistence  communities,  and  the  co-production  of  high-protein  animal  feed.  The  lack  of 
access to training and equipment and education and experience necessary for quality control 
and chemical handling procedures required for biodiesel production, and the high demand for 
human and animal food/feed was a fundamental consideration is exploring SVO production 
rather than conventional  modern biofuels. With this in  mind, project partners propose the 
following strategy to be considered to maximise the potential benefits of SVO production and 
use within subsistence agricultural communities: 
 
·  Identify a suitable crop that produces oil with desirable qualities at reasonable yield 
in the agro-ecosystem, while at the same time providing co-products (meal) that can 
sustain livestock or other industries; 
·  Exploration with farmers options to access mechanised equipment that can process 
feedstock into oil and other by-products; 
·  Explore with farmers diesel powered agricultural equipment that can, or is amenable 
to modification to handle vegetable oil as a fuel, and; 
·  Leverage the increased biomass production and experience with vegetable oil to lay 
a  foundation  for  an  industry  that  produces  vegetable  oil  derivatives  that  are 
compatible with existing diesel engines. 
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